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ABSTRACT 
 
A structural study of Witteberg Group Rocks was conducted along the Soutkloof 
River, approximately 14 km east of Steytlerville, Eastern Cape Province of South 
Africa.  Here a north to south geotraverse was studied in an attempt at unravelling 
the structural geology of the rocks belonging to the Upper Devonian to Lower 
Carboniferous Witteberg Group (Upper Cape Supergroup).  These rocks are mostly 
arenaceous and include quartzite, sandstone, siltstone and shale which have been 
folded, faulted and metamorphosed.  Thrust, normal and strike-slip faulting occur 
in the area.  Shallow south-dipping low-angle thrust fault planes are displaced by 
steep south-dipping thrust planes and subordinate north-dipping backthrusts.  
Displacement along thrust planes is predominantly northwards.  Steeply dipping 
thrust fault planes are often reactivated as east-west striking normal faults.  
Strike-slip faulting postdates all observed structural features and displaces normal 
and thrust fault planes.  Open to tight folds are present and are mostly north-
vergent and often steepened or truncated by steep south-dipping thrust fault 
planes.  South-vergent folds are related to backthrusting and post-fold faulting.  
The study has revealed that the current geological map and the local stratigraphy 
were compiled without recognising major structural features such as thrust, 
normal and strike-slip faulting and their (the map and currently accepted 
stratigraphy)  validity are therefore questioned.  The presence of extensive 
faulting suggests that the conventional stratigraphic interpretation of the 
Witteberg Group should be revised. 
KEYWORDS:  Cape Fold Belt, Witteberg Group, Steytlerville, Groot Rivier East 
Fault, Jackalsbosch Fault, Soutkloof fault, Thrust fault, Normal fault, Strike-slip 
fault, Duplex, Folding 
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1. INTRODUCTION 
1.1 GENERAL BACKGROUND OF THE STUDY AREA 
1.1.1 LOCALITY 
The study area lies between latitudes 33°17’ and 33°21’ South and longitudes 
24°29’ and 24°31’ East, 14 kilometres East of Steytlerville in the Eastern Cape 
Province.  The area measures 22.5km2 (Figure 1.1). 
1.1.2 AIM AND MOTIVATION FOR THE STUDY 
The aim of the study was to carry out a structural analysis of Witteberg Group 
rocks by describing and interpreting the structures observed in the field, in 
particular those structures related to faulting and folding. 
In so doing, this dissertation intends to: 
• Examine the presence and importance of faulting in the study area, with 
particular reference to thrust faulting, 
• Elucidate the relationship between faulting and folding, 
• Present a sequence of deformational events, 
• Determine whether the study area can be described as a thrust zone that 
forms part of the “fault belt”, proposed by Whittingham (1987), i.e. a zone 
along the Klein Winterhoek Mountains cropping out west of Mesozoic cover 
rocks. 
This specific area was chosen for this study because: 
• The Soutkloof River bisects the study area in a north-south direction, exposing 
numerous rock exposures perpendicular to the strike of the general geology.  
These exposures present an opportunity for studying structures that transect 
most of the Witteberg Group, 
• The presence of major faults and zones of faulting within this section. 
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Insert A4 Locality Map here (will account for page 3) 
Figure 1.1. Locality Map showing the position of the study area relative to 
Steytlerville. 
 
   3 
1.1.3 TOPOGRAPHY 
The study area is characterized by the presence of low mountains with high 
relative relief as well as lowlands with parallel hills and low relief (Kruger, 1983).  
Altitudes range between approximately 450 metres to 900 metres above present 
sea level.  The mountains are known as the Grootrivier Mountains, which form 
part of the Klein Winterhoek range.  The Klein Winterhoek range is part of the 
Cape Fold Belt range, which strikes more or less east-west parallel to the regional 
trend of the southern coastline, curving gently to the south-east towards the 
eastern coastline (Rust, 1998). 
The evolution of the landscape goes back almost as far as the break-up of 
Gondwana (Hattingh, 1996; Rust, 1998), when rivers first started to make their 
way towards the shoreline of the newly-formed Indian Ocean.  A relative fall in 
sea level also resulted in incisions by river action.  The resultant landscape is 
related to the resistance to weathering and erosion of the various rock formations 
as well as their structure.  Rivers have eroded away less-resistant shale and other 
incompetent rocks, resulting in the present topographic forms of the study area.  
A substantial volume of the more resistant quartzite has also been eroded away by 
rivers along zones of weakness, including faults, joints and bedding planes (Rust, 
1998). 
The Soutkloof River, a tributary of the Grootrivier, bisects the study area in a north 
to south direction and can be described as “bedrock controlled” (cf. Schumm, 
1981), as the river flows through erosion resistant quartzites of the Witteberg 
Group.  The river drainage pattern can be described as a combination of trellis and 
rectangular patterns (Figure 1.1) (Hattingh, 1996). 
1.1.4 SOILS 
The study area falls into the category where the topsoil (A horizon) texture is 
classified as sandy, with a clay content between 6-15%.  According to the 
1:250000 Land Type Series map (1987), the broad soil patterns for the area 
includes: 
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• Red apedal, freely-drained soils, belonging to one or more of the Hutton, 
Clovelly and Oakleaf soil forms (Ellis & Lambrechts, 1986). 
• Glenrosa and/or Mispah forms where lime is generally present in the entire 
section.  These soil forms are characterized by a topsoil layer that contains 
some organic matter which is underlain by hard rock or semi-weathered rock 
(MacVicar, 1991).  This is an area of pedologically young landscapes typified by 
rock, shallow upland soils and shallow recent alluvial deposits. 
• Miscellaneous land classes with undifferentiated deep deposits consisting of 
young, deep, unconsolidated deposits, which are not grey regic sands.  These 
soils are usually stratified and weakly structured and occur mainly on alluvial 
river terraces.  Common soil forms are Oakleaf and Dundee types (Ellis & 
Lambrechts, 1986). 
• Rock areas with miscellaneous soils. 
1.1.5 VEGETATION 
Three vegetation types from three different biomes occur in the study area, viz:  
Spekboom Succulent Thicket from the Thicket Biome, Grassy Fynbos from the 
Fynbos Biome and Central Lower Nama Karoo from the Nama Karoo Biome. 
The Spekboom Succulent Thicket is a thicket type of dense scrub dominated by 
Spekboom, Portulacaria afra, and is found on steep mountain slopes, in a belt 
about 400 to 1060 metres above sea level.  Apart from the Spekboom, which 
often form pure stands, other woody species include: Kerky Bush Crassula ovata, 
Large Honeythorn Lycium austrinum, Jacketplum Pappea capensis, Euclea 
undulata, Rhigozum obovatum, Grewia robusta, Aloe spp., Rhus spp. and Schotia 
afra.  Many species of smaller Plakkies Crassula spp. as well as succulent herbs 
and grasses also occur (Lubke, 1996). 
The Grassy Fynbos is a fynbos biome type also known as false Fynbos, occurring 
mainly on the mountain tops.  Grassy Fynbos replaces Mountain Fynbos in areas 
where the summer rainfall increases.  The difference between the two being that 
Grassy Fynbos has a high proportion of grassy elements, which tend to replace the 
restoid component.  Common species includes grasses from genera such as 
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Brachiaria, Eragrostis, Heteropogon, Themeda and Trachypogon.  In addition, the 
incidence of non-proteoid small-leaved shrubs and succulents (e.g. Aloe spp.) and 
hairy forbs separate Grassy Fynbos from Mountain Fynbos (Rebelo, 1996). 
The Central Lower Nama Karoo is a Nama Karoo Biome type also referred to as 
Karroid Broken Veld.  Dwarf shrubs such as the Wild Pomegranate Rhigozum 
obovatum and Anchorkaroo Pentzia incana are characteristic of this vegetation 
type, but many succulent plants also occur such as Delosperma spp., Thorn vygie 
Eberlanzia ferox, Ruschia spp. and Noorsdoring Euphorbia ferox.  Grasses only 
occur in abundance following good summer rains and then species such as 
Lehmann’s Lovegrass Eragrostis lehmanniana, Aristida spp. and Digitaria spp. are 
common.  Sweet Thorn Acacia karroo is an important tree of the dry river beds 
(Hoffman, 1996). 
1.1.6 CLIMATE 
Most of the rain falls in the late summer (February – April).  Between 1878 and 
1984, the mean annual rainfall at Jansenville (40km northeast of the study site) 
was 271 mm (median 255), with a high of 524 mm in 1971 and a low of 94 mm in 
1926 (Weather Bureau, 1986).  The reliability of the rainfall is therefore very 
unpredictable and the occurrence of droughts in the area is not uncommon. 
A large temperature fluctuation of both daily and seasonal air temperature is very 
characteristic of this area and a range of 25°C between day and night is not 
unusual (Venter, Mocke & de Jager, 1986).  The area is characterized by hot 
summers and cold winters, often with widespread frost due to radiational cooling 
on clear winter nights (Stone, Weaver & West, 1998).  Mean daily maximum 
temperatures range between 33°C to 17°C from summer to winter.  Mean daily 
minimum temperatures range between 16°C to 5°C from summer to winter. 
1.1.7 HYDROLOGY AND GEOHYDROLOGY 
The Karoo area falls into the semi-arid zone of South Africa, which places 
tremendous pressure on the economically exploitable surface water resources.  
The large spatial and temporal variability of rainfall, high temperatures, shallow 
erodable upland soils, sparse vegetation and large channel losses are 
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characteristics of a semi-arid region and this dictates a tenuous hydrological 
equilibrium in the area’s catchments (Görgens & Hughes, 1986). 
The Soutkloof River, being a tributary to the Grootrivier, often has no streamflow.  
Streamflow occurs only after good rains.  Mineralization of natural water is a 
problem of increasing importance in the entire Karoo area and total dissolved 
solids (TDS) or specific ion (Cl-) concentrations are frequently in excess of limits 
set for domestic usage. 
Due to the general scarcity of surface water, groundwater is an important water 
source for the area.  Groundwater movement takes place along joints and faults in 
the Witteberg Group rocks, but the water quality tends to be generally brackish 
(Hodgson, 1986).  Groundwater yield and quality are closely related to the rock 
types and the rainfall of the particular area, and often intensive withdrawal leads 
to the depletion of these groundwater sources. 
1.2 PREVIOUS WORK IN THE VICINITY OF THE STUDY AREA 
Haughton (1935) defined the broader features of the geology of the area.  
Subsequent work in the area included that of Johnson (1966, 1976) and 
Whittingham (1987).  Johnson (1966, 1976) attempted to rationalise the 
stratigraphy of the Cape and Karoo Sequences of the Eastern Cape by classifying 
rocks of the Cape and Karoo Sequences into different formations and assigning 
relative thickness values to these formations based on the stratigraphic 
characteristics observed in these layers. 
Whittingham (1987) described the Palaeozoic rocks of the Cape Supergroup and 
the Karoo Sequence, placing emphasis on the lithology and stratigraphy of these 
units.  He also commented on the various styles of folding and faulting, stating 
that in many parts of the study area minor faulting is present.  These minor faults, 
with throws of a few metres, could not be traced laterally any appreciable 
distance. 
Whittingham (1987) referred to the presence of a 10 km wide “fault belt”, along 
the Klein Winterhoek Mountains, and proposed that this may represent a thrust 
zone similar to the Baviaanskoof Overthrust (Figure 1.2), as described by Theron 
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(1969).  The Baviaanskloof Overthrust is situated 35km to the south of the 
proposed “thrust zone” and Whittingham (1987) states that both these zones 
probably relate to the same phase of crustal compression. 
Willowmore Steytlerville
Uniondale ?
24°00’
33°30’
STUDY 
AREA
Witteberg Group
Bokkeveld Group
Table Mountain Group
0 30 Km
Baviaanskloof Thrust 
Cape Supergroup
N
 
Figure 1.2. Regional setting for the Baviaanskloof thrust in relation to 
Steytlerville and the study area (modified after Booth, Brunsdon & Shone, 
(2004), Figure 15, pg 220). 
More recently, a detailed structural analysis of the Floriskraal Formation 
approximately 25 km to the west of the present study area by Booth (1996) has 
shown that folding and thrust faulting are closely related.  Fold styles were found 
to be variable while thrust faults in the area are mostly foreland-vergent, with 
subordinate backthrusting.  Fritz (1998), de Roer (1998) and Rowlands (1998) 
also reported on the presence of numerous thrust faults found in different 
formations of the Witteberg Group approximately 30 km to the west of the present 
study site. 
Booth (1998) established that thrust faults in the Weltevrede Formation are closely 
spaced disrupting folds, which vary from open to isoclinal in style.  Booth (1998) 
further stated that the competency and thickness of beds, their position above 
thrust planes, and the intensity of deformation determine the fold orientation, 
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style and amount of plunge of these folds.  Normal and strike-slip faulting are also 
present in strata of the Witteberg Group (Booth, 1996, 1998). 
1.3 METHODOLOGY 
Aerial photographs at a scale of 1:50 000 were used in this study (Job 847 
surveyed during 1981).  Mapping was carried out using the following photographs 
- Strip 4 numbers 5699 and 5700 and Strip 5, numbers 5730, 5731, 5732 and 
5733 as well as a three times enlargement of 5731 to gain insight to the trends of 
the regional geology of the area. 
Maps used in this study include the following:  Topographic maps 3324 AD 
Steytlerville and 3324 BC Erekroonspoort (1:50 000 scale), both being second 
edition maps released during 1984, as well as unpublished geological maps of the 
same scale and names which were obtained from the Council for Geoscience.  The 
geology map, Sheet 3324 (Port Elizabeth), 1991, at the scale of 1:250 000, was 
used as a reference map. 
Selected outcrops were sketched and photographed in order to obtain detail of the 
geology.  At each study site numerous structural features were recorded by direct 
measurement such as azimuth and dip readings of planar structures and trend and 
plunge readings of linear structures by means of a Silva geological compass.  
Fossils and trace fossils were photographed in situ where possible. 
Structural data were recorded on the map and then plotted on equal area and 
equal angle stereographic projections.  Equal area data were contoured on the 
basis of number of percent per one percent of the area (%/1%), for statistical 
purposes, when the number of readings taken was more than 80.  All stereograms 
displayed in this dissertation display True North.  An average magnetic declination 
for the study area is 24°34’ West of True North, as calculated for the 1st January 
2001, with an annual change of 8 minutes to the west (Louis Loubser, Hermanus 
Magnetic Observatorium, pers. comm., 2001). 
Rock thin sections were made of oriented samples at several sites and were 
examined using a binocular petrographic microscope, and special emphasis was 
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placed on microstructures relating to deformation.  Photographs were taken of 
several pertinent thin sections. 
The following criteria were used to determine the presence of faulting and the 
sense of movement along these faults (Booth 1996, 1998): 
• Slickenfibres are abundantly developed on slickensided surfaces associated 
with quartz veins, and in places within argillaceous horizons.  Although the 
sense of movement is interpreted from the irregular stepped surface, this 
indication only records the last movement along the fault (Hatcher, 1995). 
• S-C cleavages occur mostly in shale horizons, but are also present in quartz 
veins at the base of large ramp structures. 
• Fault drag is particularly informative where bedding and earliest formed 
structures are folded on contact with faults. 
• Fault breccia (commonly in the hanging-wall) 
Folds in the study area were analysed and classified on the basis of their 
cylindricity, plunge of the fold axis, interlimb angle, axial plane orientation, fold 
style and the orientation of the folds. 
A geological map of the area, with accompanying cross section, was produced 
using aerial photograph interpretation and field mapping as well as reference to 
existing published and unpublished maps of the Council for Geoscience. 
The study area has been divided into four structural subareas.  The presence of 
major faults and zones of faulting determine the boundaries of these subareas 
(Figure 1.3).  Subarea 1 is in the northern part of the study area and is bounded 
by the Groot Rivier East fault zone to the south.  Subarea 2 is bound by the Groot 
River East fault zone to the north and the Jackalsbosch fault zone to the south, 
and Subarea 3 is bound by the Jackalsbosch fault zones to the north and the 
Soutkloof fault zone to the south.  Subarea 4 at the southern border of the study 
area is bound by the Soutkloof fault zone at its northern extremity. 
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Figure 1.3. Aerial photograph showing the study area and the relative position of 
the four structural subareas bounded by the three major faults.  Note the sub 
parallel trend of the fault zones. 
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2. REGIONAL GEOLOGY 
2.1 GONDWANA AND INVERSION TECTONICS 
According to Hawkesworth, Kelley, Turner, le Roux & Storey (1999), the formation 
and break-up of supercontinents reflect major changes in the plate tectonic 
regime.  These changes are likely to affect global climate, continental erosion 
patterns and the thermal regime in the upper mantle.  Although the periodic 
aggregation of continents into supercontinents is the result of the movement of a 
limited number of plates on the surface of the earth, the causes of break-up and 
the associated intraplate deformation are not well established.  Models range from 
lithospheric extension in response to subduction to the emplacement of deep-
seated mantle plumes.  First-order inversions of fission and fusion of 
supercontinents are regulated by subduction and collision processes as well as 
deep-mantle up-wellings (de Wit & Ransome, 1992a). 
The origin of the supercontinent Gondwana was the result of the break-up and 
dispersal of an older supercontinent, Rodinia, which has been in existence since 
~1050 Ma (Hoffman, 1999; de Wit, Thiart, Doucouré & Wilsher, 1999; Smith, 
1999).  Although Gondwana and its dispersal have been reconstructed with some 
precision, its origin and birth hold some uncertainties.  Gondwana was a 
composite megacontinent born of orogenesis culminating at 500-599 Ma, and 
contained six major cratons – viz.  Amazonia, West Africa, Congo, Kalahari, 
Greater India and Australia-Antarctica, which were welded together by the 
Brasiliano/Pan African orogenic belts (Hoffman, 1999). 
Since the late Precambrian, two first-order episodes of compression and two first-
order episodes of extension have been recorded along the southern margins of 
Gondwana over a period of more or less 600 Ma (de Wit & Ransome, 1992a).   
These episodes are: 
i) the Pan-Gondwanean convergence (650 ± 100 Ma) 
ii) the late Proterozoic to early Paleozoic extension (500 ± 100 Ma) 
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iii) the late Paleozoic convergence (300 ± 100 Ma) 
iv) the mid to late Mesozoic extension (150 ± 50 Ma) 
During the same time that these first-order inversions occurred, second-order 
episodes of compression and extension have also operated.  It seems as if these 
second-order inversions, are to some extent, responsible for the activation and 
culmination of first-order events (de Wit & Ransome, 1992a).  It is during these 
cycles of inversion that the deposition of the Cape Fold Belt sediments as well as 
the subsequent formation, deformation and erosion of the Cape Fold Belt have 
taken place. 
2.2 THE CAPE FOLD BELT 
Rocks of the Cape Fold Belt extend approximately 1300km along the southern and 
western parts of South Africa and these rocks have been divided into three major 
groups; Table Mountain, Bokkeveld and Witteberg Groups (Figure 2.1).  The Cape 
Fold Belt consists of two branches:  an east-west trending fold-thrust branch of 
northward verging folds sliced by thrusts and normal faults along the south coast  
#
#
#
Port Elizabeth
Steytlerville
Cape
Town
N
Bokkeveld Group
Table Mountain Group
Witteberg Group
0 200 400 Kilometres
 
Figure 2.1. Distribution of the Cape Supergroup in the region of the Cape Fold 
Belt, South Africa. 
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between Swellendam and Port Alfred (~600km) and a less spectacular north-south 
trending branch of open, upright megafolds, monoclines and normal faults along 
the west coast, from Stellenbosch to Vanrhynsdorp (~270km).  The two branches 
overlap in a syntaxis area of about 100km wide in the south-western part of the 
western Cape, between Gordons Bay and Bredasdorp (Söhnge, 1983; de 
Beer,1992; 1999). 
2.2.1 Basement Rocks 
Gondwana was constructed by an orogenic event that welded together cratons of 
the African continent.  These cratons were surrounded by a system of 
Neoproterozoic belts and in southern Africa, this event is represented by the 
Damara, Gariep and Saldania Belts.  The Pan-African Saldania Belt forms part of a 
system of Neoproterozoic mobile belts, which are part of a global orogenic event, 
which took place during the construction of Gondwana.  The Saldania Belt is a 
low-grade orogenic belt and a few poorly exposed inliers are unroofed in fold 
hinges in the Cape Fold Belt.  These Pan-African belts are generally composed of 
volcanosedimentary successions, which were subjected to low-grade 
metamorphism and were intruded by syn-, late- and post-orogenic granitoids 
(Rozendaal, Gresse, Scheepers & Le Roux, 1999). 
The Cape Fold Belt basement rocks, the Pre-Cape rocks, mostly belong to the 
Saldania belt and have been divided into four groups on geographical grounds 
(Gresse, Theron, Fitch & Miller, 1992).  These groups are the Malmesbury Group, 
Kango, Kaaimans and Gamtoos Groups (Figure 2.2).  The Vanrhynsdorp Group, 
which is associated with the Pan-African Gariep belt, as well as the Klipheuwel 
formation, also form part of the pre-Cape basement of the Cape Fold Belt 
(Hälbich, 1992).  The Malmesbury Group rocks are exposed north of Cape Town 
and are subdivided into three terranes by northwest-trending fault and shear 
zones.  The other pre-Cape rocks are found in smaller exposures towards the east; 
the Kango Group (Oudtshoorn area), the Kaaimans Group (George area) and 
Gamtoos Group (Port Elizabeth area).  The Malmesbury, Kaaimans and Gamtoos 
Groups are intruded by syn- to post- and anorogenic granitoids of the Cape 
Granite Suite (Rozendaal et al., 1999) (Figure 2.2). 
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Figure 2.2. Pre-Cape Basement rocks and Cape Granite intrusions associated 
with the Cape Fold Belt. 
Late Neoproterozoic Pan-African low-grade metamorphism affected the pre-Cape 
basement rocks of the Saldania Belt, reaching middle to lower greenschist facies 
temperatures (Frimmel, Fölling & Diamond, 2001). 
The Saldanian orogenic cycle can be summarised in three major phases; the rifting 
phase, the reversal, transpression and subduction phase and the foreland basin 
development phase (Rozendaal et al., 1999).  The rifting phase resulted in the 
break-up of the supercontinent Rodinia and the opening of the proto-Atlantic 
(Adamaster Ocean) at approximately 780-750 Ma.  Stepped pull-apart basins 
formed defined by transtensional and rift margins.  Sedimentation took place in 
the form of rift-related diamictite, arkosic quartzites and distal facies conglomerate 
quartzite and limestone.  Deep-water, thick turbidite successions were deposited 
in the evolving ocean and continental margin basins as ocean floor spreading 
continued at 700-600 Ma (Rozendaal et al., 1999). 
The second phase resulted in the closure of the Adamastor Ocean (Proto-Atlantic) 
as reversal of ocean floor spreading occurred at 600-570 Ma.  This reversal of 
ocean floor spreading took place in a transpressional tectonic regime, possibly 
initiated by the opening of the Iapetus Ocean (Rozendaal et al., 1999).  
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Subduction of the Kalahari craton occurred, resulting in oblique collision (570-545 
Ma), however a proper collision orogen did not develop in the Saldania Belt.  Low 
intensity deformation with subvertical folds occurred in the Malmesbury Group 
rocks. 
Multiphase granites, in the form of several oblong plutons of the Cape Granite 
Suite, intruded the Saldania Belt, from 550-510 Ma. 
The third phase was marked by the development of syn- to post- orogenic 
foreland, intra-orogen and marginal pull-apart basins on the Kalahari craton at 
570-510 Ma.  This lead to the formation of the Nama and Vanrhynsdorp peripheral 
foreland basins and early foreland deposition started at about 570-560 Ma 
(Rozendaal et al., 1999).  During an early rift phase, that preceded the Cape basin 
development, alluvial sediments of the Klipheuwel Formation were deposited.  
According to Broquet (1992), any radiometric dating of the pre-Cape unconformity 
must make allowance for a period of post-orogenic uplift and erosion of the 
basement as well as the deposition of the Klipheuwel Formation. 
Research by Frimmel, et al. (2001) has shown that most of the Kango Group, was 
not deposited in a Pan-African oceanic basin as previously thought, but represents 
a syn- to post-orogenic succession. 
The amount of control the pre-Cape basement had over the fold trend of the Cape 
cover rocks has been debated by many researchers (de Beer, 1999).  Gresse, et 
al., 1992, found that the basement was very much involved in the folding and 
thrusting of the cover rocks and that the basement was isotopically reset during 
the Cape Orogeny. 
Because of its poor and limited exposure it is difficult to understand all the 
processes that led to formation and deformation of the Saldania Belt.  What is 
clear is that the Palaeozoic Cape Supergroup rocks of the Cape Fold Belt 
unconformably overly the Pan-African Saldanian pre-Cape rocks.  These pre-Cape 
rocks were positively inverted during the Permo-Triassic Cape Orogeny, with 
positive inversion features consisting of folds, cleavages and thrusts which have 
deformed or coincided with Pan-African tectonic elements, and negatively inverted 
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during the subsequent breakup of Gondwana in Jurassic-Cretaceous times (Gresse 
et al., 1992). 
2.2.2 Deposition of Cape sediments at 500 Ma 
Cape Supergroup rocks, divided into the Table Mountain, Bokkeveld and Witteberg 
Groups (Table 2.1), were deposited on a passive continental margin (Tankard, 
Jackson, Eriksson, Hobday, Hunter & Minter, 1982) in a wide range of subaerial 
and subaqueous depositional environments (Johnson, 1991).  The deposition of 
the Cape sediments into the Cape Basin can be divided into three stages, viz.  the 
Table Mountain Basin, the Bokkeveld Basin and the Witteberg Basin.  After the 
deposition of the Cape sediments, the onset of the Dwyka glaciation was the first 
post-Cape basin event, which saw a change in the tectonic framework and scale of 
tectonism (Rust, 1973). 
Table 2.1. Stratigraphical sequence of the Cape Supergroup (after Booth and 
Shone, 2002). 
Group Age (Ma) Lithotype Deposition Environment 
Witteberg 340-375 Quartzites & Shales clastic, shoreline deposits 
Bokkeveld 375-390 Shales & Quartzites clastic, shallow marine deposits 
Table Mountain 390-520 Quartzites & Shales clastic, shallow marine and shoreline 
sediments 
 
According to Rust (1973), the Table Mountain basin was tectonically stable and 
represented the stable shelf portion of a marginal cratonic basin.  The regional 
palaeocurrent pattern is directed southwards, with local deviations in direction, 
indicating that the source-areas of the Table Mountain Group sediments lay to the 
north of the present outcrops (Visser, 1974).  By using indirect stratigraphic dating 
methods, the base of the Table Mountain Group was placed at a late Cambrian-
earliest Ordovician age (±510), but can be further refined by studying sea-level 
curves and fossil assemblages (Broquet, 1992). 
The approximate 4000m thick successions of quartz arenites, conglomerates and 
mudstones (Table Mountain Group) were deposited into a basin with an elongate 
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depoaxis, which trended parallel to the present day coast.  Basement-controlled 
subsidence, faulting and uneven rates of sedimentation have resulted in 
stratigraphic units with variable thicknesses (Tankard et al., 1982). 
According to Tankard et al. (1982), the Lower Table Mountain Group 
sedimentation took place on a braided alluvial plain constructed by southeastward-
flowing fluvial systems on a shallow shelf.  Here braided streams, tidal flats and 
barrier islands cut by well developed tidal inlets, and tidal sand ridges 
characterised the paleoenvironment.  Fan-delta depositional settings occurred in 
the abrupt transition from coarse braided-stream to tidal flat facies.  Sediments 
from the braided alluvial deposits were reworked into coastal barriers, on a micro- 
to mesotidal coast which was influenced by strong tidal currents and moderate to 
high wave energy (Tankard et al., 1982). 
Glaciogenic material, mostly in the form of tillites, was deposited during the late 
Ordovician when the Cape Basin was on the periphery of an extensive Gondwana 
ice sheet that was centred in central Africa (Tankard et al., 1982; Rust, 1973).  
During a postglacial transgression, argillaceous material was deposited and 
interbedded with glacial material in proglacial and shallow-marine environments 
(Rust, 1973).  Deglaciation and a rise in sea level led to the flooding of the 
isostatically depressed Cape basin (Tankard et al., 1982). 
After the Winterhoek glaciation, the same sedimentary facies patterns that 
occurred in the lower Table Mountain Group were repeated when the deposition of 
the upper Table Mountain Group took place in shallow-shelf and shore-zone 
environments dominated by tidal processes.  Tankard et al. (1982) state that 
sediment loading might have accentuated displacement along basin margin faults 
during the deposition of sediments in relatively narrow depositories.  The Table 
Mountain Group deposition terminated with the deposition of fossiliferous sands 
and muds (Tankard et al., 1982). 
The Bokkeveld Basin represented a period of cyclic deposition in a marginal 
cratonic basin during a time of rapid unstable subsidence where fluvial deposition 
graded into marine sedimentation (Broquet, 1992; Rust, 1973).  Deposition of 
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mostly argillaceous sediments took place in a shoalwater deltaic-marine complex 
with a southward and westward directed palaeoslope, which was subjected to 
marine transgressions and regressions (Theron, 1972), during Early Devonian to 
Late Devonian time (Rust, 1973).  This lead to the accumulation of more than 
3200m of poorly sorted sediments (Tankard et al., 1982). 
The sedimentary sequence in the Bokkeveld basin is made up of a number of 
upward coarsening cycles (Theron, 1972) consisting typically of shelf-prodelta, 
distributary mouth bar, tidal flat and interdistributary bay deposits, capped with 
tidal and wave-reworked delta front sands (Tankard et al., 1982). 
From Upper Devonian to Lower Carboniferous times the accumulation and 
deposition of almost equal proportions of sandstone and mudstone of the 1100-
2200 metre thick Witteberg Group took place (Broquet, 1992).  The deposition of 
Lower Witteberg Group sediments represented a continuation of Bokkeveld Group 
sedimentary processes resulting in the aggradation of thick delta-front, tidal-flat, 
interdistributary bay and fluvial sediments, subjected to marine reworking 
(Tankard et al., 1982).  A number of transgression and regression cycles can be 
distinguished, with sediment dispersal taking place via beach processes (Loock, 
1967).  Shoaling shallow marine sequences were followed by continental 
sedimentation (Broquet, 1992) and a final progradational offshore to deltaic 
sequence and finally, the deposition of proglacial sediment at the end of Witteberg 
times (Loock, 1967). 
The Cape Basin sedimentation terminated during the early Carboniferous and 
shortly afterwards southern Africa was covered by Dwyka ice sheets.  The Dwyka 
was the start of the Karoo basin, which brought a change in the tectonic 
framework and scale of deformation in the basin (Rust, 1973). 
2.2.3 Deformation 
Hälbich, Fitch & Miller, (1983) summarised the origin of the Cape Fold Belt as a 
single phase, multiple event orogen formed during the Permian and the Triassic 
(Table 2.2).  During the Cape Orogeny four cycles of compression followed by 
extension have been recorded (Hälbich, 1983a, 1992). 
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Table 2.2. Summary of the tectono-sedimentary history of the Cape Fold Belt 
(after Hälbich, Fitch & Miller, (1983), Table 13.3. pg 158). 
 
Time Deformational Event 
Early Permian 
(278 ± 2 Ma) 
Swartberg folding and recrystallisation Cleavage S1 
forms.  Youngest rocks deformed are Dwyka glacials 
recently deposited but consolidating during this 
event. 
Mid to Late Permian 
(258 ± 2 Ma) 
Outeniqua folding and recrystallisation Cleavage S2 
forms.  Meirings Poort:  smaller scale gravity folding 
and décollement here or during/after first event. 
Late Permian to Early Triassic 
(247 ± 3 Ma) 
Second deformation (intensification) of the southern 
range (Outeniqua folds in George Anticlinorium) and 
formation of S3 solution cleavage.  Shearing and K-Ar 
overprinting of old Groot Haelkraal granite.  Mega-
folding of southernmost lower Beaufort and Ecca 
Groups. 
Mid to Late Triassic 
(230 ± 3 Ma) 
Final deformation of all pre-Beaufort rocks by kink 
bands and lower Beaufort rocks by listric thrusts and 
a first, mild fold phase with fanning axial plane 
solution cleavage. 
Late Triassic 
(215 ± 5 Ma) 
Uplift and horizontal tension revealed by a kink 
phase. 
 
The first paroxysm (Swartberg folding) occurred at 278 ± 2 Ma ago with flexural 
slip being the mechanism of deformation (Hälbich, 1983a).  Décollement occurring 
along contacts with high deformability contrast resulted in asymmetry of folds and 
northward gravity gliding from overfolded mega-limbs (Hälbich, 1983a, 1992). 
The second paroxysm (Outeniqua folding) occurred at 258 ± 2 Ma ago when the 
George Anticlinorium developed.  Overfolding to the north led to the development 
of isoclinal, almost recumbent structures in the Outeniqua range (Hälbich, 1983a, 
1992). 
The third paroxysm (folding and thrusting) occurred at 247 ± 3 Ma ago with the 
development of a steeply south-dipping crenulation cleavage, possibly 
contemporaneous with refolding of asymmetric mega-folds of the George 
Anticlinorium. It is possible that décollement and thrusting also took place during 
this deformation event (Hälbich, 1983a, 1992). 
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The fourth paroxysm (listric thrusting and folding) occurred at 230 ± 3 Ma ago 
with the formation of kink bands and minor shears related to horizontal north-
south compressive forces (Hälbich, 1983a, 1992). 
The deformation of the Cape Fold Belt ceased with a phase of relaxation during 
the Triassic with movement taking place along normal faults that strike nearly 
east-west, often closely following pre-existing thrusts.  According to Hälbich 
(1983a, 1992), a set of tensional kinks that are closely associated with the normal 
faulting, developed due to uplift during this relaxation phase. 
2.2.4 Fold Styles 
De Villiers (1944) and earlier workers have noted that the Cape Fold Belt is made-
up of a number of anticlinoria and synclinoria with parasitic structures on their 
limbs.  Newton (1973) suggested that gravity gliding created the Cape Folds, as 
overlying sedimentary material moved northwards after uplift occurred along 
major strike faults. 
According to de Swardt, Fletcher & Toschek (1974), the folds of the Cape Fold Belt 
generally are asymmetric and have a northerly vergence, and folding is associated 
with pervasive shear movement which has produced a continuously mappable 
axial-planar cleavage or foliation.  This cleavage is often oblique to bedding and 
affects all the Cape Fold Belt strata regardless of lithology, but is most prominent 
in the more argillaceous layers.  The Cape folding and its associated axial planar 
cleavage postdates the incipient metamorphism of Cape sediments as a result of 
deep burial (de Swardt & Rowsell, 1974). 
Dingle, Siesser & Newton (1983) state that fold styles vary considerably from 
place to place in the Cape Fold Belt and fold intensity appears markedly higher 
just north of the major faults.  Fold structures are predominantly north-vergent, 
with axial planes dipping to the south, when not vertical, but in some areas 
Witteberg rocks show northward dipping axial planes (Booth 2002; Dingle et al., 
1983). 
Fold axial traces trend approximately east-west in the southern branch and 
approximately north-south in the western branch of the Cape Fold Belt.  The area 
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of interference of these two sets of folds is known as the syntaxis; here folding 
occurred simultaneously in both branches of the Cape Fold Belt (de Beer, 1999, 
1992). 
In more recent studies it has been noted that folding and thrust faulting are 
closely related (Newton, 1995).  Booth (1998) considers patterns of folding, fold 
styles and orientation of fold axes as being related to competency of strata, the 
spacing between thrust faults and the degree of tectonism. 
2.2.5 Thrust faulting 
Most of the previous structural studies concerning the Cape Fold Belt concentrated 
on fold styles and geometry of folds (Newton, 1973; Hälbich, 1977; Coetzee, 
1979).  De Swardt et al. (1974) reported that many earlier workers have recorded 
the presence of minor thrusting in the direction of tectonic transport.  Dingle et al. 
(1983) stated that thrusting of relatively minor importance occurred only in the 
Southern Branch of the Cape Fold Belt.  It has also been noted that Cape Fold Belt 
deformation increases eastwards (Dingle et al., 1983; Broquet, 1992). 
As far back as 1969, Theron documented the presence and importance of a major 
thrust fault, the Baviaanskloof Thrust, occurring 25 km south of Steytlerville.  
Theron (1969) also noted that Table Mountain Group rocks were displaced 
northwards over Bokkeveld Group rocks by as much as 4 km in a nappelike 
structure.  De Swardt et al. (1974) stated that overthrusting to the north is 
probably more common than has been previously suspected, but would be difficult 
to detect where parallel to the cleavage and also the limbs of isoclinal folds.  Hiller 
& Snowden (1983) demonstrated that the Baviaanskloof Thrust is a thrust zone in 
which the hanging wall is extensively brecciated, but no overfolding of strata has 
taken place. 
Newton (1992, 1993, 1995) reported the presence of northward directed thrusts 
in the Cape Supergroup and lower part of the Karoo Supergroup on the northern 
margin of the Cape Fold Belt.  Thrusts developed as breakthrough structures on 
the steep northward dipping limbs of asymmetric anticlines and were gently folded 
suggesting that folding and thrusting were approximately contemporaneous 
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(Newton, 1995).  Thrusting produced displacements of up to 4 km and caused 
duplications of Witteberg Group strata in the vicinity of Laingsburg (Newton, 1992, 
1993). 
In the Eastern Cape, thrusting is evident in all the units of the Cape Fold Belt 
(Booth, 1996; 1998; 2002; Booth & Shone, 1992a, 1992b, 1992c, 1992d, 1995, 
1998, 1999, 2002; Booth et al., 1999; 2004).  Thrusts often occur as closely-
spaced south-dipping structures and movement on these thrusts is predominantly 
towards the north.  North-dipping backthrust surfaces, which are cut by later 
forward thrusts, are present throughout the Eastern Cape sector of the Cape Fold 
Belt (Booth & Shone, 2002).  The sequential relationships between thrusting and 
folding are not always clear and seem to vary between areas (Booth, 1996; Booth 
& Shone, 1992a). 
2.2.6 Metamorphism 
The Cape Supergroup lacks rock types that are sensitive to mineralogical changes 
at very low to low metamorphic grades and very little work has been done on the 
extent and distribution of metamorphism in the Cape Fold Belt (Frimmel et al., 
2001).  Attempts at quantification of metamorphism in various areas of the Cape 
Fold Belt continuously reveal a low-grade metamorphism with only slight variations 
in different areas (de Swardt & Rowsell, 1974;  Hälbich & Cornell, 1983;  Frimmel 
et al., 2001).  De Swardt & Rowsell (1974) state that the lower greenschist facies 
of metamorphism could be attributed to the deep burial of the Cape and Karoo 
sediments, with the Cape Supergroup attaining a thickness of 10 km (Broquet, 
1992).  Metamorphism associated with the Cape orogeny shows an increase in 
grade from the foreland in the north towards the south (Frimmel et al., 2001). 
Hälbich & Cornell (1983) compared illite crystallinity and cleavage style of pelites 
along a geotraverse across the Cape Fold Belt.  An irregular solution surface 
cleavage was recorded in the Karoo cover rocks which formed at ~210°C 
temperature and ~1,5 Kb pressure.  In areas where deformation was not 
continuous, syntectonic regional metamorphism reached the boundary of anchi- to 
epi-grade (lowermost greenschist facies) at ~300°C temperature and ~1,5 Kb 
pressure (Hälbich & Cornell, 1983).  In areas where complete syntectonic 
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recrystallisation occurred and continuous deformation was maintained, 
temperatures probably reached 350°C and pressures could have exceeded 2,5 Kb 
due to tectonically induced vertical loading (Hälbich & Cornell, 1983). 
2.2.7 Extensional tectonism at 150Ma 
Rifting and the formation of Mesozoic half grabens are generally accepted to have 
accompanied the separation of east and west Gondwana and separation of South 
America and the Falkland Plateau from Southern Africa during the late Jurassic 
(Dingle et al., 1983; Gresse et al., 1992).  As a result the earlier compression-
related, pre-Cape and Cape lineaments were reactivated by extensional stresses to 
form major basin-bounding normal faults (Bate & Malan, 1992). 
Normal fault segments with a southerly downthrow of up to 6 km displaced the 
southern parts of the anticlinoria and synclinoria of the southern Cape Fold Belt 
which led to the formation of rift features up to 300km long.  This normal faulting 
led to the development of linear belts of half-grabens along the rifts filled with 
Jurassic-Cretaceous sediments.  Extensive brecciation and some evidence for 
thrusting imply that the normal faults follow older thrust surfaces related to 
positive inversion (Hälbich, 1983a; Gresse et al., 1992). 
Fouché, Bate & van der Merwe (1992) state that the formation of the Mesozoic 
basins occurred as a result of a relaxation of the Cape Orogeny and Gondwanide 
tectonics when the Cape Fold Belt was split along an orogen-parallel sinistral 
transform fault during the mid-Cretaceous.  Supporting evidence for this theory 
comes from metamorphosed Cape Supergroup rocks which underlie Cretaceous 
sediments at both onshore and offshore localities. 
Most models for basin evolution of Mesozoic southern African offshore basins 
propose a single stage of rifting after which tectonism ceased, but Van der Merwe 
& Fouché (1992) have identified three distinct post-rift positive inversion events, 
with intervening extension which they attribute to movements along the dextral 
Agulhas-Falkland Fracture Zone in the Bredasdorp Basin.  However these 
inversions were mild and localised and not every rift fault was inverted. 
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Strike-slip faulting, with a definite right lateral movement, has been noted in the 
Eastern Cape Fold Belt (Booth, 1996; Booth & Shone, 1992b, Booth & Shone, 
1995; Booth et al., 1999) and are associated with the development of the 
Agulhas-Falkland Fracture Zone (Booth et al., 2004).  It has been suggested that 
the strike-slip faulting forms part of the events that occurred during the break up 
of Gondwana and estimates of displacement range between 2 m to 100 m (Booth 
et al., 2004). 
2.2.8 Models of Deformation 
The validity of a proposed model will have to be assessed according to the degree 
to which the model may be used to satisfactorily interpret the anomalous 
characteristics that differentiate the Cape Fold Belt from other orogenic rock 
suites.  Hälbich (1983b) draws attention to the fact that any proposed model 
should be able to explain why there is an absence of the following in the cover 
rocks of the Cape Fold Belt: 
• Any kind of granitic intrusion directly or indirectly related to the orogen 
• Carbonate rocks 
• Lavas or pyroclasts of any composition 
• Medium- or high-grade metamorphic rocks 
• Any kind of suture 
• Ocean-floor derivatives, whether sediments or basic rocks (ophiolites) 
• Major shear zones or melanges, along strike or transcurrent. 
Additional problems that are encountered in any attempt to explain the evolution 
of the Cape Fold Belt are listed by Dingle et al. (1983); include: 
• The two trends of the Cape Fold Belt which are almost at right angles and 
meet at the Cape Syntaxis 
• The extent of involvement of the pre-Cape basement in the folding 
• The age, history and significance of the major faults 
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• The deep structure of the Cape Fold Belt 
• The mode of deformation 
Gravity Folding 
Newton (1973) proposed a model whereby the Cape Fold Belt formed by gravity 
folding due to vertical tectonics.  Pre-Cape basement rocks were down-dropped 
along normal faults that developed parallel to the long axis of the basin as a result 
of the immense weight of the overlying sediments, or uplifted because of a bulge 
in the mantle.  The sediments were deformed as a result of gravity sliding over 
the steplike fault blocks.  The structure of the pre-Cape rocks controlled the shape 
of the basin and the trend of faulting.  Newton (1974) prefers to refer to the 
syntaxis as a convergence, which is the zone of interference between the 
northward and eastward-sliding masses, causing a south westerly trend to fold 
axes in the area. 
Conventional Subduction Model 
Geophysical anomalies such as the presence of a highly conductive zone of 
material situated at the upper mantle/crust interface beneath the Cape Fold Belt in 
the Southern Cape, a negative gravity anomaly in the southeastern Cape and the 
Beattie magnetic anomaly led De Beer, van Zijl & Bahnemann (1974) to propose a 
tectonic model that started with subduction and was followed by a continent-
continent collision.  They suggest that an oceanic plate underthrust Gondwana 
along its margin followed by a continent-continent collision that produced 
mountain building. 
Alpine Type Model 
De Swardt et al., (1974) proposed an Alpine type model for the origin for the Cape 
Fold Belt.  This takes place by gravity sliding away from a median zone of uplift 
with cover rocks moving over a more rigid basement (de Swardt, 1975).  This was 
accompanied by folding and thrusting verging away from the median zone. 
Basement rocks later became involved during deformation and were refolded and 
refoliated. 
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Flat Plate Subduction Model 
The theory of flat-plate subduction was put forward in 1980 by Lock.  He 
suggested that during subduction a descending slab of oceanic lithosphere 
became coupled with the overriding continental crust of Gondwana at a 
continental margin about 1000 km away from the Cape Fold Belt.  Plate 
convergence continued while the two plates were coupled in this way.  Friction 
between the plates resulted in tectonic deformation and tectonic shortening 
(Rhodes, 1974).  Compressive stresses were concentrated at the position of the 
Cape Fold Belt where the two plates eventually separated to form a conventional 
subduction zone, almost 1000 km away from the continental margin where the 
subduction process started (Lock, 1980). 
Ensialic Model 
Hälbich (1983b, 1992) proposed an ensialic model whereby extension normal to 
the final basin axis occurs resulting in localised crustal thinning and the 
development of graben-type basins.  An aulacogen was created into which 
sediments were deposited, driven by rising mantle convection currents, which 
created instability, resulting in the thinning and extension of the crust.  Multi-
phase deformation resulted in complex folding and faulting.  The Cape Fold Belt 
represents a portion of an ensialic orogeny comparable to other Pan African events 
such as the Damara Orogeny. 
Collision Model & Andean type Model 
De Wit and Ransome (1992b) proposed a collision-type model in which a collision 
of microplates occurred during the Late Precambrian, resulting in two different 
branches of the Cape Fold Belt. These two branches are an east-west striking 
southern branch and a north-south striking western branch that coalesce to form a 
syntaxis. De Wit and Ransome (1992b) believe the syntaxis formed as a result of 
rotation of the microplates.  Trouw & de Wit (1999) state that at present the 
collisional orogen model needs more evidence to be confirmed.  They proposed a 
model where folding and thrusting of the Cape Fold Belt strata may be explained 
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as resulting from compression in a back-arc setting of an Andean-type magmatic-
arc with a possible dextral strike-slip component. 
Dextral Convergence Model 
Comparing structural data of the Gondwanide Orogen from the Cape Fold Belt, 
South America and Antarctica, Johnston (2000) interpreted both the South 
American and Antarctic portions of the Gondwanide Orogen as northwest-trending 
dextral transpressional belts, with the eastwest-trending Cape Fold Belt, including 
the Falkland Islands, forming an inboard- or left-step within this intracontinental 
dextral shear zone.  Dextral margin-parallel translation of the block outboard of 
the orogen (extending from the Gondwanide Belt south to the margin of 
Gondwana) was accommodated by strike-slip deformation in South America and 
Antarctica, and by convergence and the development of a foreland-verging fold 
and thrust belt, across the Cape Fold Belt (Johnston, 2000).  The Cape Syntaxis 
and Port Elizabeth Antitaxis are oroclinal bends in the Cape Fold Belt that have 
formed in response to prolonged dextral shear.  This also helped to explain the 
clockwise rotation of the Falkland Islands, which originally formed part of the east 
limb of the Port Elizabeth Antitaxis. 
The tectonic setting for the dextral convergence model is different from the 
compressional back-arc model, but Trouw & de Wit (1999) argue that the models 
are not contradictory to one another and that a combination is possible. 
Duplex Model – Eastern Fold Belt 
A duplex model has been proposed by Booth (1998) as a deformation model of 
Witteberg Group strata in the eastern part of the Cape Fold Belt.  Booth et al. 
(2004), interpreted the numerous north-verging thrust faults and associated folds 
to be part of a large hinterland-dipping duplex.  The sole thrust (Jackalsbosch 
thrust) and many steeply dipping imbricates connect with a roof thrust 
(Baviaanskloof thrust). 
All the models, except Newton’s (1973), recognise that a compressive stress 
directed from the south was responsible for the folding and thrusting of the Cape 
Supergroup and lower Karoo Supergroup strata.  Not one of these models alone 
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however, can be used to adequately explain all the characteristic features of the 
Cape Fold Belt. 
2.3 CAPE FOLD BELT COMPARED TO OTHER OROGENIES 
The North American Cordillera is but one of many orogens and is made up of more 
than one fold and thrust belt.  By looking at the structure and kinematics of 
different orogens one can gain a better perspective of tectonics and mountain 
building processes.  By comparing the differences and similarities of the Cape Fold 
Belt to other fold and thrust belts one might gain a better understanding of how 
different tectonic processes gave rise to certain structural features.  The Brooks 
Range fold and thrust belt is one example from the North American Cordillera. 
2.3.1 Brooks Range fold-thrust belt 
The Brooks Range is an east-west trending fold and thrust belt which forms part 
of the North American Cordillera.  This fold and thrust belt developed during the 
collision of the Yukon-Koyukuk island-arc complex with the southern margin of the 
Arctic Alaska continental microplate (Wissinger, Levander, Oldow, Fuis & Lutter, 
1998). 
According to Handschy (1998a), the thrust sheets that form the Brooks Range 
reflect a north-directed shortening of an Ellesmerian south-facing passive 
continental margin (uppermost Devonian to Upper Jurassic) and the underlying 
Franklinian basement (Precambrian to Upper Devonian), plus the accretion and 
obduction of an oceanic terrane.  Brookian deformation started during the 
Jurassic.  The Brookian (Middle Jurassic to Cenozoic) sequence is composed of 
Jurassic through Tertiary terrigenous clastic sediments that were shed northward 
from the Brooks Range fold-thrust belt into the foreland basin.  As the thrust belt 
migrated northward and Brookian sediments prograded northward, Brookian 
formations near the front of the Brooks Range were also involved in the 
deformation. 
According to Wissinger et al. (1998), the Brooks range is made up of many 
different lithologies and the stratigraphy of the lesser disturbed northern foreland 
assemblages is well known, but towards the southern hinterland stratigraphic 
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relationships are poorly understood due to the increasing metamorphic grade and 
poor age control. 
According to Oldow & Avé Lallemant (1998), the Brooks Range fold and thrust belt 
has been divided into several, approximately east-west trending lithotectonic 
assemblages or terranes on the basis of differences in lithology and/or structural 
position.  These units from north to south are: 
The North Slope foredeep, the North Slope (autochthonous to parautochthonous) 
assemblage, the Endicott Mountains allochthon, the Doonerak duplex, the Skajit 
allochthon, the Schist belt, the Phyllite belt, the Rosie Creek allochthon and the 
Angayucham terrane. 
North Slope foredeep 
The North Slope, also known as the Colville foredeep, consists of Cretaceous and 
Tertiary conglomerate, sandstone and shale which unconformably overlie Jurassic 
clastic rocks (Oldow & Avé Lallemant, 1998).  According to Handschy (1998a), a 
pre-Mississippian collisional orogenic event and a late Devonian rifting event took 
place before plate convergence in the late Jurassic that gave rise to the Brooks 
Range fold-thrust belt. 
North Slope assemblage 
Post-Devonian rocks of the North Slope assemblage are mostly autochthonous, 
but deformation increases to the south.  The assemblage consists of highly 
deformed pre-Mississippian chert, phyllite, carbonate, and volcanic rock, which is 
unconformably overlain by Mississippian conglomerate and shale, Mississippian 
and Pennsylvanian carbonate, Permian to Jurassic clastic and carbonate rocks and 
Cretaceous and Tertiary clastic rocks (Oldow & Avé Lallemant, 1998). 
Endicott Mountains allochthon 
The Endicott Mountains allochthon consists of imbricate sheets of calcareous 
clastic  Devonian rocks, the fine- to coarse-grained clastics that are of Devonian to 
Mississippian age and the Mississippian and Pennsylvanian carbonate rocks (Oldow 
& Avé Lallemant, 1998). 
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According to Handschy (1998b), Upper Devonian and Lower Mississippian clastic 
rocks in the Endicott Mountains allochthon form three depositional sequences.  
Upper Devonian rocks were deposited in a volcanically active, probably back-arc or 
rift, basin.  The Late Devonian to Early Mississippian rocks were deposited on a 
south-facing rifted continental margin.  The carbonate facies and oceanic crust in 
the Angayucham terrane suggest that the latest Devonian rifted continental 
margin had evolved into a passive margin by the middle Mississippian. 
According to Handschy (1998c), the Endicott Mountains allochthon in the central 
Brooks Range is an east-west-striking stack of north-northwest-vergent thrust 
sheets.  It is composed of mid-Paleozoic clastic and carbonate rocks that were 
deformed during late Mesozoic and Cenozoic (Brookian) orogenesis.  Fundamental 
differences in structural style within the allochthon are related to the original 
distribution of lithostratigraphic units, the rheologies of the units, and the 
structural depth at which deformation occurred.  In the north, the allochthon is 
characterised by imbricate thrust sheets and large single-phase folds.  In the 
south, it is composed of an 8 km thick thrust nappe that exhibits a vertical strain 
gradient.  It is suggested by Handschy (1998c) that deformation was complex and 
included components of layer parallel shortening, simple shear, and layer normal 
flattening of the shear zone. 
Doonerak duplex 
The Doonerak duplex consists of two imbricate stacks separated by the Blarney 
Creek thrust.  The upper imbricated stack is composed of Mississippian and 
Pennsylvanian rocks and rare slices of Paleozoic rocks lying above the Blarney 
Creek and beneath the Amawk thrust faults.  The lower imbricate stack is 
composed of lower Paleozoic phyllite and volcanic and volcaniclastic rocks that are 
disrupted by several thrust faults (Oldow & Avé Lallemant, 1998). 
According to Phelps & Avé Lallemant (1998) the Doonerak window in the central 
Brooks Range fold and thrust belt is a northeast-southwest-trending, doubly 
plunging antiform that is underlain by two duplexes.  The lower Doonerak duplex 
consists of slices of lower Paleozoic rocks and the higher Blarney Creek duplex 
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consists primarily of slices of upper Paleozoic rocks.  The Blarney Creek duplex is 
overlain by the Endicot Mountains allochthon. 
Seidensticker & Oldow (1998) state that the two duplexes are separated by the 
Blarney Creek thrust which is a fault zone tens of metres thick that served both as 
the floor thrust of the upper duplex and the roof thrust of the lower duplex.  The 
Doonerak multiduplex, whose stacked components developed simultaneously, 
formed during footwall imbrication beneath the Amawk thrust underlying the 
Endicott Mountains allochthon.  The Amawk thrust served as the roof of the 
Blarney Creek duplex. 
Julian and Oldow (1998) state that low angle faults disrupt some of the rock 
assemblages and define the major lithotectonic boundaries.  These faults are 
generally subparallel to bedding. 
Skajit allochthon 
The Skajit allochthon consists of carbonate and clastic rocks of early Paleozoic age 
and has greenschist-facies mineralogies (Oldow & Avé Lallemant, 1998). 
Oldow, Boler, Avé Lallemant, Gottschalk, Julian, Seidensticker & Phelps (1998) 
state that the Skajit allochthon overlies metasedimentary rocks of the Endicott 
Mountains allochthon on the north and metamorphic tectonites of the Schist belt 
to the south.  The Skajit allochthon is deformed internally in a complex array of 
folds and thrusts with numerous imbricate sheets and thrust nappes present. 
Oldow, Gottschalk, Avé Lallemant, Boler, Julian & Seidensticker (1998) suggest 
that the imbrication and deformation of the Skajit allochthon was due to thrusting 
in which previously imbricated rocks overlying a shallow decollement system 
(Skajit allochthon) are overthrust by part of the underlying basement complex 
(Schist belt). 
Schist belt 
The Schist belt consists of phyllite, mica schist and amphibolite.  These rocks first 
underwent high pressure - low temperature metamorphism (blueschist, eclogite) 
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followed by greenschist-facies retrograde metamorphism (Oldow & Avé Lallemant, 
1998; Gottschalk, 1998). 
Gottschalk, Oldow & Avé Lallemant (1998) state that the oldest folds in the Schist 
belt are poorly preserved centimetre-scale isoclinal folds and sheath folds with a 
penetrative axial planar foliation.  These folds were refolded into close to isoclinal, 
noncylindrical folds of various scales. 
Phyllite belt 
The Phyllite belt consists of undated, low-grade metamorphic phyllite rocks (Oldow 
& Avé Lallemant, 1998).  Gottschalk et al. (1998), identified two phases of folding 
in the Phyllite belt that have led to the formation of isoclinal and sheath folds with 
a pervasive axial-planar metamorphic foliation during the first phase and a weak 
crenulation cleavage during the second phase.  Folding was followed by a period 
of late- to postkinematic mineral growth. 
Rosie Creek allochthon 
The Rosie Creek allochthon consists of Devonian greywacke and phyllite which has 
been correlated with the Skajit allochthon (Oldow & Avé Lallemant, 1998). 
Gottschalk et al. (1998) state that the oldest structures are isoclinal folds 
associated with a penetrative axial-planar foliation in phyllitic horizons and a weak 
spaced cleavage in sandy layers.  The second fold phase is manifested mainly as a 
spaced cleavage that occurs as weakly developed parting surfaces within the 
sandstones and as a penetrative crenulation cleavage in the phyllite and slate 
horizons. 
Angayucham terrane 
The southernmost and structurally highest thrust sheets in the Brooks Range are 
composed of rocks assigned to the Angayucham terrane in the form of an accreted 
oceanic assemblage (Handschy, 1998a).  The Angayucham terrane consists 
generally of basalt, gabbro, peridotite, chert, shale, and limestone.  Fossil ages are 
Devonian to Triassic and igneous ages are Middle Jurassic (Oldow & Avé 
Lallemant, 1998). 
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Gottschalk et al. (1998) state that it is very difficult to decipher the thrust faulting 
and isoclinal folding in the Angayuchum terrane due to extensional and strike-slip 
overprinting.  Intensly developed mesoscopic strike-slip faults striking east-west, 
are subvertical in orientation and are striated with subhorizontal slickenside 
lineations.  These strike-slip faults with a right-lateral sense of displacement 
postdate normal faults in the area.  Extension has led to the development of 
normal faults, which can be interpreted in some cases as thrust faults that have 
been reactivated as normal faults. 
Tectonic shortening in the Brooks Range 
Wissinger et al. (1998) calculated tectonic shortening by interpreting seismic 
survey data for the Brooks Range.  Apparent minimum shortening estimates, 
ranging between 500km to 615km, are markedly higher than previous proposals.  
Wissinger et al. (1998), suggest that more shortening took place in the southern 
range in the Doonerak duplex, the Skajit allochthon and the Schist belt. 
The Cape Fold Belt shares some similarities with the Brooks Range fold and thrust 
belt.  Both fold belts show a northward migrating thrust sequence with severe 
deformation in the hinterland and less deformation in the foreland.  Unlike the 
Cape Fold Belt, the Brooks Range consists of various lithologies which make it 
easier to trace faults and folding over greater distances and to calculate tectonic 
shortening.  By keeping all the structures and features in mind that are found in 
the Brooks Range it might help researchers in the Cape Fold Belt to keep an open 
mind to render fresh interpretations when future research is conducted.
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2.4 THE CAPE SUPERGROUP – WITTEBERG GROUP 
The Palaeozoic Cape Supergroup is a succession of siliciclastic sedimentary rocks 
(Broquet, 1992) divided into three major groups: the Table Mountain, Bokkeveld 
and Witteberg Groups (Table 2.1).  Rocks in the study area belong to the lower to 
middle Witteberg Group (Table 2.3). 
The Witteberg Group (Figure 2.3) is more arenaceous than the Bokkeveld Group 
and is topographically more prominent.  Fossils are relatively scarce, but trace 
fossils are common, especially in the Weltevrede formation.  Major sandstones 
appear structureless, but are generally medium to thinly bedded.  Tabular and 
trough crossbedding is fairly common and structures observed in the siltstones 
and shales include wavy bedding, flat bedding and micro cross-lamination.  Most 
units of the Witteberg are remarkably laterally continuous in an east-west direction 
(Toerien & Hill, 1989). 
Table 2.3 Stratigraphy of the Witteberg Group in the Eastern Cape (after 
Broquet, 1992; SACS, 1980), note the shaded area represents the rock 
outcrops of the study area. 
GROUP SUBGROUP FORMATION MEMBER AGE 
KOMMADAGGA 
Dirkskraal 
Soutkloof 
Swartwaterpoort/Miller 
 ~330 Ma 
LAKE MENTZ 
Waaipoort  
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 Kweekvlei   
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Perdepoort 
Rooirand 
 
 
                
360 Ma 
W
I
T
T
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Weltevrede 
 
  
 
~375 Ma 
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Insert A3 Geological map here 
Figure 2.3. Geological Map of the study area as published by the Council for 
Geoscience. 
 
   36 
2.4.1 Weltevrede Formation 
This formation comprises micaceous, flaser-bedded and lenticular siltstones and 
shales intercalated with fine-grained siliceous sandstones (Toerien & Hill, 1989).  
Trace fossils are common on bedding planes, while oscillation ripple marks are 
occasionally present (Johnson, 1976).  According to Whittingham (1987) a 
characteristic fine-textured, pale-grey, yellowish-weathering limestone occurs in 
the Weltevrede Formation.  These limestone bands are usually much thinner than 
1 m and usually concordant with the bedding. 
2.4.2 Witpoort Formation 
The Witpoort Sandstone Formation is the most prominent formation of the 
Witteberg Group and consists of more than 90% sandstone.  It is divided into two 
members: Rooirand and Perdepoort. 
2.4.2.1 Rooirand Member 
The basal Rooirand Member appears pinkish grey on weathered surfaces and 
comprises medium- to thick-bedded quartzitic sandstone with thin lenticular shale 
and flaser-bedded siltstone intercalations (Toerien & Hill, 1989).  Internal 
structures include parallel flat-bedding, cross-bedding and micro-crosslamination 
(Johnson, 1976). 
2.4.2.2 Perdepoort Member 
The Perdepoort Sandstone Member consists entirely of quartzitic sandstone and 
appears white and massive in outcrop.  It is exceptionally clean and relatively 
coarse grained (Toerien & Hill, 1989).  Internal syndepositional structures include 
horizontal or sub-horizontal flat-bedding, inclined bedding and less low-angle 
cross-bedding than rocks belonging to the Rooirand Member (Johnson 1976). 
2.4.3 Kweekvlei Formation 
The Kweekvlei Formation consists of dark coloured, purplish-grey micaceous shale, 
lenticular flaserbedded siltstone and shale and thin quartzitic sandstone (Johnson, 
1976; Whittingham, 1987).  According to Whittingham (1987) the Kweekvlei 
Formation appears very similar to the shales and sandstones of the Weltevrede 
Formation. 
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2.5 THE STRATIGRAPHY ”PROBLEM” 
Booth and Shone (2002) argue that deformation in the eastern sector of the Cape 
Fold Belt, is more widespread than previously recognised.  The presence of 
widespread and pervasive thrusting as well as pre-, syn- and post-fold thrusting 
brings much of the lithostratigraphy currently recognised by SACS (1980) into 
question.  Booth & Shone (2002) propose that lithostratigraphic units should 
rather be treated as tectonostratigraphic units.  Broquet (1992) also states that 
the Table Mountain Group rocks thicken and become more deformed eastwards in 
the Cape Fold Belt and that tectonic duplication has led to the thickening of 
horizons. 
According to Rust (1973), the Pakhuis Tillite Formation and overlying Cedarberg 
Siltstone Formation are valuable as both structural and stratigraphical markers, but 
the absence of the Cedarberg Shale formation has been noted in many areas 
where extensive thrusting occurs (Rohwer, 2004; Booth & Shone, 1999).  Only 
remnants of the Cedarberg Shale Formation have been found in the form of 
phyllite, talc or clay lensoids where this horizon has been smeared out along thrust 
planes.  A similar mechanism has been proposed by Booth & Shone (1992) to 
account for thrust stacking of quartzite units of the Cape Recife Formation in the 
vicinity of Port Elizabeth. 
De Swardt et al. (1974) state that most of the earlier workers recorded minor 
north verging thrust faults and that overthrusting to the north is probably more 
common than previously suspected.  Newton (1992, 1993, 1995) reported the 
presence of thrusting and the resulting duplication of Witteberg Group and lower 
Karoo sequence rocks in the vicinity of Laingsburg. 
According to Frimmel et al., (2001), metamorphic grade increases from north to 
south and reaches maximum temperatures of 300ºC which corresponds to 
lowermost greenschist facies.  Frimmel et al., (2001) argue that by using this 
grade of metamorphism one can speculate on the amount of crustal thickening in 
the Cape Fold Belt.  If one assumes an average density for the overlying 
sediments of 2.6 g/cm3, a suggested stratigraphic thickness of 10 km for the Cape 
Supergroup would require a geothermal gradient greater than 30ºC/km, which 
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appears too high for a continental geotherm in a collisional setting.  Frimmel et al., 
(2001) suggest that for more realistic geothermal gradient values of between 20 
and 25ºC/km, the overburden would be 12 and 15 km respectively.  The 
difference to the estimated maximum stratigraphic thickness of 10 km has to be 
accommodated by tectonic thickening.  Frimmel et al., (2001) state that thrusting 
accounts for some 20 to 50% of crustal thickening in the Cape Fold Belt in order 
to explain the metamorphic temperatures that have been estimated by recent 
studies. 
It is clear that studies in the eastern part of the Cape Fold Belt show that thrust 
faulting caused the duplication of more arenaceous strata which led to the 
increase in thickness, through imbricate faulting and duplexing and the elimination 
of argillaceous strata.  This brings into question the validity of the currently 
accepted stratigraphy (SACS, 1980). 
Cape Supergroup rocks consist of essentially markerless sandstone/quartzite units 
(Pitts & Roering, 1992; Broquet, 1992) which makes the calculation of 
displacement along faults and the construction and restoration of balanced cross 
sections a near impossible task. 
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3. STRATIGRAPHY 
3.1 WITTEBERG GROUP 
A total of 41 field stations can be found in the study area (Figure 3.1) following a 
geotraverse from north to south along the Soutkloof River. 
3.1.1 Weltevrede Formation 
Strata that can be classified as Weltevrede Formation on the basis of their 
stratigraphic characteristics were encountered at subareas 1, 2 and 3 and the 
Groot River East Fault zone at the field stations 1-12, 22, 29-30 and 37-41 (Figure 
3.1). 
The lower part of the Weltevrede Formation are characterised by light coloured to 
grey quartzites where thicknesses for individual beds often measures between 40-
60 cm.  These quartzites are folded and occur in the north and the south of the 
study area giving rise to a topography of gentle hills (Figure 3.2).  The remainder 
of the Weltevrede Formation encountered in the study area consists of purple to 
grey and brownish flaggy, micaceous shales and sandstones with thinly bedded 
quartzites. 
Preserved sedimentary structures including ripple marks (Figure 3.3) and 
crossbedding (Figure 3.4) were observed in the sandstones and quartzitic layers.  
Two channel structures were observed in the quartzitic layers.  At station 12 a 
channel with a diameter of approximately 1 metre filled with a crossbedded brown 
sandstone cut into grey to light brown shale layers (Figure 3.5).  A small channel 
structure of about 40cm in diameter was observed at station 35 cutting into a grey 
quartzite layer (Figure 3.6). 
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Insert Fig 3.1.  Map showing sampling stations 
Figure 3.1. Map indicating the 41 stations in the study area where field data 
were collected. 
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Figure 3.2. Outcrop view of quartzite layer of the Weltevrede Formation, west of 
the Soutkloof River in the vicinity of station 40.  Note undulating topography 
characterised by gentle hills. 
 
Figure 3.3. Ripple marks on top of fine grained sandstone of the Weltevrede 
Formation. 
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Figure 3.4. A 20 cm thick coarse grained light grey sandstone layer of the 
Weltevrede Formation showing crossbedding, indicated by yellow lines. 
Fossils and trace fossils have been recorded in the study area at many of the 
stations where rocks of the Weltevrede Formation occur.  The presence of 
Zoophycos (Spirophyton) trace fossils (Figure 3.7) was recorded at stations 29, 38 
and 39 on the surfaces of beds often containing ripple structures and other trace 
fossils such as burrows and grazing trails.  Horizontal branching burrow structures 
(Figure 3.8) have been recorded at station 1 on the top of a sandstone bed.  A 
combination of vertical and horizontal burrow structures have been recorded in a 
highly bioturbated sandstone layer at station 6 (Figure 3.9).  A very prominent 
horizontal burrow (Figure 3.10) has been recorded at station 39 occurring on a 
rippled surface of a sandstone bed. 
Fragmented parts of plant fossils occurred in subarea 1 and often the rhomboid 
pattern of the plant stems was noted as imprints and casts on sandtone and shale 
layers (Figure 3.11). 
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Figure 3.5. a) Channel structure with an approximate diameter of 1 metre filled 
with brown coloured sandstone cut into thinly bedded grey to light brown 
shale horizons.  Note the white block arrow indicating the 15cm scale bar on 
the sandstone layer. b) Enlarged section of the sandstone lens indicated by 
the white dash lined box in Fig 3.4.a.  Note that the entire sandstone fill 
displays trough cross bedding. 
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Figure 3.6. Small channel structure  (indicated by yellow block arrow) cutting 
into a light grey quartzitic layer of the Weltevrede Formation. 
 
Figure 3.7. Zoophycos (Spirophyton) trace fossils (indicated by blue block 
arrows) occurring on the top of a rippled sandstone bed of the Weltevrede 
Formation photographed at station 38. 
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Figure 3.8. Traces of some horizontal branching burrow system on the surface 
of a sandstone bed in the Weltevrede Formation, photographed at station 1 
in the north of the study area. 
 
Figure 3.9. Bioturbated bed surface of the Weltevrede formation photographed 
at station 6.  Most of the bed surface is covered with sediment filled vertical 
and horizontal burrows. 
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Figure 3.10. Trace fossil of a horizontal burrow found on top of a rippled 
fine-grained sandstone of the Weltevrede Formation photographed at station 
38. 
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Figure 3.11. Close-up photographs of pieces of plant casts 
(Lepidodendron) in the Weltevrede Formation, found at various locations in 
subarea 1. 
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3.1.2 Witpoort Formation 
The arenitic Witpoort Formation comprises two distinct members:  The Rooirand 
Member followed upward by the Perdepoort Member.  Strata that fit the 
description of Rooirand and Perdepoort Members occur in the study area. 
3.1.2.1 Rooirand Member 
Strata that can be classified as Rooirand Member on the basis of their stratigraphic 
characteristics were encountered at subareas 3 and 4 and the Soutkloof Fault zone 
at the field stations 20, 21, 28, 31 - 33, 34 and 36 (Figure 3.1). 
In the study area rocks classified as belonging to the Rooirand Member were 
described as reddish-weathering brown to redbrown quartzite (Figure 3.12) with 
interbedded shale bands (Figure 3.13).  The quartzite beds often measured 30-50 
cm in thickness while individual shale beds ranged in thickness from a few 
millimetres to about 10-15 cm. 
Sedimentary structures such as wave ripple cross lamination (Figure 3.14) and 
horizontal lamination were recorded in the more argillaceous layers of the 
Rooirand Member.  Conglomerate made up of small 1-2 cm clasts often occurs at 
the base of the red brown quartzite layers. 
2 m
 
Figure 3.12. Brown to redbrown quartzite layers of the Rooirand Member, 
Witpoort Formation photographed at station 31. 
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Figure 3.13. Thick brown to red brown quartzites occurring together with 
dark brown shales (indicated by yellow block arrow) of the Rooirand Member, 
Witpoort Formation, photographed at station 33. 
 
Figure 3.14. Wave-ripple cross lamination (indicated by yellow block arrow) 
present in shale layers of the Rooirand Member, Witpoort Formation 
photographed at station 29. 
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3.1.2.2 Perdepoort Member 
Strata that can be classified as Perdepoort Member on the basis of stratigraphic 
characteristics were encountered at subareas 3 and 4 and the Jackalsbosch Fault 
zone at the field stations 17-19, 24, 25, 27, 33 and 34 (Figure 3.1). 
In the study area rocks belonging to the Perdepoort Member were described as a 
distinct white-weathering quartzite measuring 50-100 cm in thickness (Figure 
3.15).  These quartzites are mostly void of any sedimentary structures, although a 
faint crossbedding has been observed in the field.  Trace fossils were present in 
the form of semi-vertical burrows (Figure 3.16). 
 
Figure 3.15. Thick white, almost vertical quartzite units of the Perdepoort 
Member, Witpoort Formation. 
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Figure 3.16. a)  Opening of a burrow in the Perdepoort Member, Witpoort 
Formation, viewed in plan view.  Note how the outline of the burrow 
(indicated by white block arrow) has been lined by heavy minerals giving it a 
darker colour.  b)  A semi vertical burrow seen in cross section with a 
diameter of 1cm in the Perdepoort Member, Witpoort Formation. 
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In thin section the white quartzite of the Perdepoort Member consists almost 
entirely of sub-rounded to angular quartz grains (Figure 3.17) and can be 
described as a quartz arenite.  In areas where deformation has taken place quartz 
grains often occur as fractured quartz grains or recrystalised quartz grains with 
straight boundaries surrounded by finer grained crushed quartz crystals.  Fluid 
inclusions (Figure 3.18) are also often present in the arenite. 
0.5 mm
 
Figure 3.17. Photomicrograph of fractured quartz grains of the Perdepoort 
Member, Witpoort Formation.  Larger quartz grains are surrounded by finer 
grained crushed quartz grains.  Thin section under crossed nicols. 
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Figure 3.18. Photomicrograph of quartz grains with sutured grain 
boundaries of the Perdepoort Member, Witpoort Formation.  Note the fluid 
inclusions all aligned parallel to one another (yellow lines).  Also note 
fractured zircon grain (indicated by yellow block arrow).  Thin section under 
crossed nicols. 
3.1.3 Lake Mentz Subgroup 
Although the Lake Mentz Subgroup consists of two formations, only outcrops of 
the Kweekvlei Formation are present in the study area. 
3.1.3.1 Kweekvlei Formation 
Strata that can be classified as Kweekvlei Formation on the basis of their 
stratigraphic characteristics were encountered at subareas 2 and 4 and the Groot 
River Fault Zone at the field stations 9, 14-16 and 26 (Figure 3.1). 
In the Groot Rivier East fault zone fine grained light coloured silt rich sandstones 
occurred as 40-50 cm thick units.  The presence of plant fragments 
(Lepidodendron) has been recorded as imprints on the rock surface station 9 
(Figure 3.19).  Very faint imprints of plant fragments have been recorded at 
station 15 as well on the surface of a blue-grey siltstone layer (Figure 3.20). 
  54 
5 cm
 
Figure 3.19. Imprint of fossil plant remains, indicated by blue block arrows, 
(possibly Lepidodendron) in shale of Kweekvlei Formation photographed at 
station 8 in the Groot Rivier East Fault zone. 
 
Figure 3.20. Very faint impression and cast (indicated by blue block 
arrows) on the top of a purple-grey shale layer of the Kweekvlei formation 
photographed at station 15. 
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In thin section angular to sub-rounded quartz grains occur together with 
plagioclase feldspar crystals that exhibit albite twinning (Figure 3.21).  The quartz 
and feldspar grains are often surrounded by sericite mica.  In areas of deformation 
the mica often aligns parallel (Figure 3.22), developing a cleavage parallel to the 
fault movement. 
0.2 mm
 
Figure 3.21. Photomicrograph of angular to sub-rounded quartz grains in a 
sample of the Kweekvlei Formation.  Note the presence of albite twinning in 
plagioclase feldspar grains (indicated by yellow block arrows).  Also note the 
presence of sericite mica in between quartz and feldspar grains.  Thin section 
under crossed nicols. 
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0.5 mm
 
Figure 3.22. Photomicrograph of slickensided quartz veins in a shale 
sample of the Kweekvlei Formation.  Note the parallel alignment of mica 
grains between the quartz veins (yellow lines).  Quartz veins are composed 
of fractured quartz grains of various sizes.  Thin section under crossed nicols. 
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4. STRUCTURAL GEOLOGY 
4.1 SUBAREA 1 
4.1.1 INTRODUCTION 
Subarea 1 is found in the northern part of the study area and is bound in the 
south by the Grootrivier Fault zone.  Rocks of this subarea are similar in 
characteristic to the Weltevrede Formation.  Eleven sampling stations are found in 
subarea 1 (Figure 3.1). 
4.1.2 BEDDING 
Bedding planes dip at various angles in either a northeast or southwest direction 
(Figure 4.1).  Dip angles of bedding planes are shallow getting steeper in areas 
where folding and faulting are present. 
n = 569
Equal area projection
Southern hemisphere plot
Contoured poles to planes
Contours drawn at 0.18-2.64-5.27-
7.91-10.54-13.36-15.82-17.93% 
per 0.18% area.
 
Figure 4.1. Stereogram showing contoured poles to bedding (S0) for Subarea 1. 
4.1.3 FOLDING 
Subarea 1 is characterised by open to tight folds (Table 4.1).  Tight folds usually 
have fault planes cutting through their limbs or are closely situated to a fault plane 
or fault zone. 
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Table 4.1. Fold axis, axial planes, interlimb angles and fold types of folding 
recorded in subarea 1. 
Station Fold Axis Axial Plane Interlimb 
Angle 
Fold Type 
Station 1 116°/16° 027°/88° 146° Open Fold 
Station 1 121°/17° 036°/65° 96° Open Fold 
Station 2 101°/21° 016°/76° 162° Open Fold 
Station 4 113°/17° 033°/60° 90° Open-tight Fold 
Station 6 259°/22° 170°/86° 62° Tight Fold 
Station 6 105°/01° 195°/88° 74° Tight Fold 
Station 8 121°/17° 210°/84° 112° Open Fold 
Station 10 111°/18° 196°/73° 82° Tight Fold 
Station 11 142°/12° 053°/83° 142° Open Fold 
 
An open anticline (Figure 4.2) and syncline (Figure 4.3) occur at station 1.  Their 
axial planes dip steeply to the north-northeast and fold axes plunge at shallow 
angles to the southeast. 
n = 100
Equal area projection
Southern hemisphere plot
Contoured poles to planes
Contours drawn at every 5 lines 
(1-5-10-15-20-25% per 1% area)
represents the fold axis
116º/16º
 
Figure 4.2. Stereogram showing contoured poles to bedding planes of the open 
anticline at station 1. 
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121º/17º
n = 40
Equal area projection
Southern hemisphere plot
Poles to planes
represents the fold axis
 
Figure 4.3. Stereogram showing poles to bedding planes for the open syncline at 
station 1. 
An open anticline is found at station 2, with a north dipping axial plane and a fold 
axis that plunges to the east (Figure 4.4). 
101º/21º
n = 70
Equal area projection
Southern hemisphere plot
Contoured poles to planes
Contours drawn at 1.43% - 5.71% 
- 11.43% - 17.14% - 22.86% -
28.57% per 1.43% area.
represents the fold axis
 
Figure 4.4. Stereogram showing contoured poles to bedding of the anticline at 
station 2. 
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An open to tight syncline occurs in the thick white quartzite layers of station 4, 
with an axial plane dipping to the north-northeast and a fold axis plunging to the 
southeast (Figure 4.5).  Faulting is present on the northern limb of the fold. 
n = 10
Equal area projection
Southern hemisphere plot
Poles to planes
represents the fold axis113º/17º
 
Figure 4.5. Stereogram showing poles to bedding planes of the syncline at 
station 4. 
Tight folding (Figure 4.6) occur at station 6.  A tight syncline (Figure 4.7) and 
anticline (Figure 4.8) are present with axial planes dipping steeply to the south 
and fold axes plunging to the east and west.  Faulting is present on the fold limbs. 
0 2metres
 
Figure 4.6. Anticline and Syncline at station 6, looking west. 
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n = 36
Equal area projection
Southern hemisphere plot
Poles to planes
represents the fold axis
259º/22º
 
Figure 4.7. Stereogram showing poles to bedding planes of the tight syncline at 
station 6. 
n = 25
Equal area projection
Southern hemisphere plot
Poles to planes
represents the fold axis
105º/01º
 
Figure 4.8. Stereogram showing poles to bedding planes of the tight anticline at 
station 6. 
An open anticline is present with an axial plane dipping steeply to the south-
southwest and fold axis plunging to the southeast (Figure 4.9) at station 8. 
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n = 40
Equal area projection
Southern hemisphere plot
Poles to planes
represents the fold axis121º/17º
 
Figure 4.9. Stereogram showing poles to bedding planes of the open anticline at 
station 8. 
A tight syncline is present at station 10 (Figure 4.10) with an axial plane dipping 
south and a fold axis plunging to the east-southeast (Figure 4.11). 
 
Figure 4.10. Syncline at station 10, looking east.  Note the steepened limb 
to the south. 
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111º/18º
n = 80
Equal area projection
Southern hemisphere plot
Contoured poles to planes
Contours drawn at every 7 lines 
(1.25-8.75-17.50-26.25-35.0-
43.75% per 1.25% area)
represents the fold axis
 
Figure 4.11. Stereogram showing contoured poles to  bedding planes of 
the tight syncline at station 10. 
An open anticline is found at station 11 (Figure 4.12), which is just north of the 
Groot Rivier East fault zone.  The axial plane dips steeply to the northeast and the 
fold axis plunges to the southwest (Figure 4.13). 
 
Figure 4.12. Open anticline at station 11, looking east. 
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142º/12º
n = 100
Equal area projection
Southern hemisphere plot
Contoured poles to planes
Contours drawn at every 11 lines 
(1-11-22-33-44% per 1% area)
represents the fold axis
 
Figure 4.13. Stereogram showing contoured poles to bedding planes for 
the open anticline at station 11. 
4.1.4 CLEAVAGE 
Orientation of cleavage planes has been collected at stations 4, 5, 6 and 7, with an 
average azimuth and dip of 177°/45° (Figure 4.14), which is almost a due south 
dip direction.  The dip of cleavage planes varies from station to station and most 
of the cleavage plane orientations have been recorded from thin shale rock layers. 
n = 120
Equal area projection
Southern hemisphere plot
Contoured poles to planes
Contours drawn at every 8 lines 
(1-8-16-24-32-40% per 0.83% 
area)
represents the fold axis
 
Figure 4.14. Stereogram showing contoured poles to cleavage planes (S1) 
of Subarea 1. 
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4.1.5 FAULTS  
Evidence of faulting has been recorded in different areas at station 4, 6, 7 and 8.  
In argillaceous horizons, slickenfibres are present on slickensided surfaces 
associated with quartz veins (Figure 4.15).  In the arenaceous horizons the 
presence of faults is often indicated by fault breccia and wedging of separate 
horizons (Figure 4.16). 
Most faults in the subarea occur as bedding parallel fault structures, except for 
one normal fault recorded at station 7.  No strike-slip fault movement has been 
recorded in this subarea. 
 
Figure 4.15. Slickenfibres present on slickensided surfaces associated with 
a quartz vein in an argillaceous horizon at station 4. 
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Figure 4.16. Wedging and pinching out of quartzite horizons at station 6. 
4.1.5.1 NORMAL FAULTS 
A normal fault has been recorded at station 7, where quartz rich slickenfibres 
indicated the evidence of movement between two quartzite horizons (Figure 4.17).  
The normal fault plane dips towards the south-southwest (Figure 4.17a) at 
201º/66º and lineations on the fault plane plunge in a south-southwest direction 
(Figure 4.17b) at 198º/63º. 
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n = 15
Equal area projection
Southern hemisphere plot
Poles to planes
n = 10
Equal angle projection
Southern hemisphere plot
a)
b)
 
Figure 4.17. Stereogram showing (a) poles to fault plane of the normal 
fault and (b) lineations on the fault plane at station 7. 
4.1.5.2 THRUST FAULTS 
A thrust fault (Figure 4.18) occurred as a bedding parallel fault on the thick white 
quartzite layers on the northern limb of the syncline at station 4.  The fault plane 
dips steeply to the south (Figure 4.18a) at 199º/82º and the lineations plunge 
steeply to the south (Figure 4.18b) at 196º/81º.  Movement on the fault plane 
was directed to the north. 
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a)
b)
n = 15
Equal area projection
Southern hemisphere plot
Poles to planes
n = 15
Equal angle projection
Southern hemisphere plot
 
Figure 4.18. Stereogram showing (a) poles to thrust fault plane of the 
thrust fault and (b) lineations on the fault plane at station 4. 
At station 6 a thrust fault (Figure 4.19) cuts through the anticline and removed 
most of the northern limb, dipping steeply to the south at 174º/78º and a 
northwards directed movement.  Just north of the folding a thrust fault (Figure 
4.20) occurred in the shale layers dipping south (Figure 4.20a) at 173º/49º which 
is parallel to the cleavage planes.  Lineations on this fault plane dip to the south 
(Figure 4.20b) and movement along the fault plane was directed northwards. 
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n = 20
Equal area projection
Southern hemisphere plot
Poles to planes
 
Figure 4.19. Stereogram showing poles to thrust fault plane of the fault 
plane that cuts through the anticline at station 6. 
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a)
b)
n = 15
Equal area projection
Southern hemisphere plot
Poles to planes
n = 10
Equal angle projection
Southern hemisphere plot
 
Figure 4.20. Stereogram showing (a) poles to thrust fault plane of the 
thrust fault and (b) lineations on the fault plane occurring in the shale layers 
at station 6 to the north of the tight syncline. 
A thrust fault has been noted at station 7 (Figure 4.21), occurring parallel to 
cleavage in the shale horizons.  The thrust fault plane dips steeply to the south 
(Figure 4.21a) at 174º/78º and the lineations on the fault plane plunge at shallow 
angles to the south (Figure 4.21b) at 190º/19º.  Movement along the fault plane 
is directed northwards. 
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a)
b)
n = 15
Equal area projection
Southern hemisphere plot
Poles to planes
n = 10
Equal angle projection
Southern hemisphere plot
 
Figure 4.21. Stereogram showing (a) poles to thrust fault plane of the 
thrust fault and (b) lineations on the fault plane. 
A north-dipping thrust fault occurs at station 8 (Figure 4.22), and movement along 
this fault plane was directed to the south.  The fault plane dips moderately to the 
northeast (Figure 4.22a) at 062º/51º and the lineations on the fault plane plunge 
to the northeast (Figure 4.22b) at 017º/40º. 
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a)
b)
n = 10
Equal area projection
Southern hemisphere plot
Poles to planes
n = 5
Equal angle projection
Southern hemisphere plot
 
Figure 4.22. Stereogram showing (a) poles to thrust fault plane of the 
thrust fault and (b) lineations on the fault plane. 
4.1.5.3 STRIKE-SLIP FAULTS 
No strike-slip fault movement occurs in this subarea. 
4.1.6 JOINTS 
Two prominent joint directions haven been recorded, the one being almost in a 
due north to south (350°-10° to 170°-190°) direction and the other in an almost 
due east to west direction (80°-90° to 260°-270°) .  A third, less prominent joint 
direction strikes in an east-southeast to west-northwest direction (110°-120° to 
290°-300°).  See Figure 4.23. 
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n = 81 
 
Sectors = 36 
Number of rings = 4 
Scale of ring = 10 
Bi-directional 
 
Figure 4.23. Rose diagram showing strike orientation of jointing recorded 
in subarea1. 
4.1.7 RELATIONSHIP BETWEEN STRUCTURAL FEATURES 
Thrust fault planes that dip steeply to the south cut through and displace fold 
structures at station 6 (Figure 4.24).  A thrust fault (fp B) to the north of station 6 
is similar in orientation to the the thrust fault (fp A) that displaces fold structures 
at station 6.  The orientation of axial planar cleavage measured in the hinge area 
of the anticline is slightly different to the orientation of axial planar cleavage 
measured in the shales to the north of station 6, but the dip is similar at both 
locations, suggesting that the orientation of axial planar cleavage in the anticline 
has been re-orientated by the thrust faulting.  Faulting postdates folding and 
lineations on the thrust fault planes as well as fault cut-off relationships suggest 
that movement along the fault planes were directed from the south towards the 
north. 
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Figure 4.24. a) Photograph looking west into folding and faulting outlined 
in (b), b)Outline of structure from above.  Thrust faults (fp A & fp B) are 
indicated by solid black lines and an inferred thrust fault by a dashed black 
line.  Limbs of anticline and syncline are indicated by white dotted lines.  
Note how limbs of folds are displaced by thrust faulting.  Stereograms are as 
follows: i) Anticline, ii) Syncline, iii) bedding planes to the north of the 
syncline, iv) Cleavage in shales north of the syncline, v) Axial planar cleavage 
measured at the anticline, vi) fault plane A, vii) fault plane B, viii) Lineations 
measured on fault plane B.  All stereograms are Schmidt Nets, and show 
poles to planes, except for the lineations (L1) which were plotted on a Wulff 
Net. 
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4.2 GROOT RIVIER EAST FAULT ZONE 
4.2.1 INTRODUCTION 
The Groot Rivier East fault zone is the northern most fault zone found in the study 
area.  It is found just to the south of subarea1 and to the north of subarea 2, and 
is a system of steeply dipping normal faults. 
4.2.2 BEDDING 
North of the fault zone, bedding planes dip steeply in a south-southwesterly 
direction (Figure 4.25a), which is similar to bedding planes to the south of the 
fault zone (Figure 4.25b). 
a)
b)
n = 15
Equal area projection
Southern hemisphere plot
Poles to planes
n = 20
Equal area projection
Southern hemisphere plot
Poles to planes
 
Figure 4.25. a) Stereogram showing poles to bedding planes (S0) to the north 
of the fault zone; and b) to the south of the fault zone. 
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4.2.3 FOLDING 
No folding is present in the actual fault zone. 
4.2.4 FAULTS 
The fault zone consists of an area of 10-15 metres of closely spaced, steeply 
dipping normal faults.  The presence of a strike slip fault has been recorded here. 
4.2.4.1 NORMAL FAULTS 
Steeply dipping near vertical normal faults are closely spaced throughout the fault 
zone (Figure 4.26).  Their presence is indicated by slickensided surfaces (Figure 
4.27).  The fault planes show a steep dip in a northerly direction, with lineations 
and stepped slickensided striations depicting a near vertical movement (Figure 
4.28). 
 
Figure 4.26. Steeply north-dipping normal fault planes.  Hammer for scale 
(indicated by yellow block arrow). 
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Figure 4.27. Stepped slickensided surfaces on normal fault plane. 
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a)
b)
n = 60
Equal area projection
Southern hemisphere plot
Poles to planes
n = 45
Equal angle projection
Southern hemisphere plot
 
Figure 4.28. Stereogram showing (a) poles to normal fault planes and (b) 
lineations on the fault planes. 
4.2.4.2 THRUST FAULTS 
No thrust faults occur in the fault zone area. 
4.2.4.3 STRIKE-SLIP FAULTS 
A strike-slip fault with right lateral movement is present in the fault zone area 
where it has displaced bedding horizons up to 40 cm (Figure 4.29).  The steep 
fault plane is near vertical (Figure 4.30a) dipping northeast at 056º/82º, but 
slickensided grooves and scratches in the rock indicates a near horizontal 
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movement (Figure 4.30b) with a shallow plunge in a northwest direction at 
331º/24º. 
 
Figure 4.29. Strike-slip movement displacing original bedding up to 40cm 
in a northwest-northeast direction (blue block arrow indicated relative 
movement on the fault plane).  Note hammer for scale (indicated by yellow 
block arrow). 
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a)
b)
n = 20
Equal area projection
Southern hemisphere plot
Poles to planes
n = 15
Equal angle projection
Southern hemisphere plot
 
Figure 4.30. a) Stereogram showing poles to  strike-slip fault plane.  b) 
Trend and plunge of lineations associated with strike-slip fault plane. 
 
   81 
4.3 SUBAREA 2 
4.3.1 INTRODUCTION 
Subarea 2 is found to the south of the Groot Rivier east fault zone and to the 
north of the Jackalsbosch fault zone.  Field stations 14, 15 & 16 are located in this 
subarea and the rocks of this subarea are similar in characteristic to the Kweekvlei 
Formation of the Lake Mentz Subgroup (Figure 3.1). 
4.3.2 BEDDING 
Bedding planes are dipping at various angles in a southwest to south direction 
(Figure 4.31).  Dip angles of bedding planes are usually rather shallow getting 
steeper in areas where faulting are present. 
n = 150
Equal area projection
Southern hemisphere plot
Contoured poles to planes
Contours drawn at every 10 lines 
(0.67-6.61-13.33-20.00-26.67-
33.33-40.00-46.67-52.67% per 
0.67% area.)
 
Figure 4.31. Stereogram showing contoured poles to bedding planes (S0) 
of subarea 2. 
4.3.3 FOLDING 
No folding is present in this subarea. 
4.3.4 FAULTS 
The area is characterised by shallow bedding parallel thrust faults, steeper dipping 
thrust and backthrust faults, normal faults and strike-slip faults. 
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4.3.4.1 NORMAL FAULTS 
Normal faulting occurs at various places in station 14 (Figure 4.32, Figure 4.33, 
Figure 4.34, Figure 4.35). 
a)
b)
n = 20
Equal area projection
Southern hemisphere plot
Poles to planes
n = 20
Equal angle projection
Southern hemisphere plot
 
Figure 4.32. Stereogram showing (a) poles to fault planes of the normal 
faulting  and (b) lineations on these fault planes at station 14. 
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a)
b)
n = 20
Equal area projection
Southern hemisphere plot
Poles to planes
n = 10
Equal angle projection
Southern hemisphere plot
 
Figure 4.33. Stereogram showing (a) poles to fault plane of the north-
dipping normal fault and (b) lineations on the fault plane at station 14. 
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a)
b)
n = 20
Equal area projection
Southern hemisphere plot
Poles to planes
n = 20
Equal angle projection
Southern hemisphere plot
 
Figure 4.34. Stereogram showing (a) poles to fault planes of the normal 
fault  and (b) lineations on these fault planes at station 15. 
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a)
b)
n = 30
Equal area projection
Southern hemisphere plot
Poles to planes
n = 30
Equal angle projection
Southern hemisphere plot
 
Figure 4.35. Stereogram showing (a) poles to fault planes of the normal 
fault and (b) lineations on these fault planes at station 16. 
4.3.4.2 THRUST FAULTS 
Shallow dipping bedding parallel thrust faults occur at station 14, dipping to the 
south (Figure 4.36) as well as at station 15 (Figure 4.37). 
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a)
b)
n = 290
Equal area projection
Southern hemisphere plot
Contoured poles to planes
Contours drawn at 0.34-13.79-
27.59-41.38-55.17-65.17% per 
0.34% area.
n = 170
Equal angle projection
Southern hemisphere plot
Contours drawn at 0.59-9.41-
18.82-28.24-37.65% per 0.59% 
area.
 
Figure 4.36. Stereogram showing (a) contoured poles to fault planes of the 
thrust faults and (b) lineations on the fault planes. 
Shallow angle thrust faults at station 15 
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a)
b)
n = 120
Equal angle projection
Southern hemisphere plot
Contours drawn at 0.83-8.33-
16.67-25.00-33.33-35.83% per 
0.83% area.
n = 180
Equal area projection
Southern hemisphere plot
Contoured poles to planes
Contours drawn at 0.56-22.22-
44.44-66.67-88.89-100.00% per 
0.56% area.
 
Figure 4.37. Stereogram showing (a) poles to planes of the thrust fault 
planes and (b) lineations on the fault planes. 
A north-dipping backthrust fault occur at station 15. 
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a)
b)
n = 30
Equal area projection
Southern hemisphere plot
Poles to planes
n = 20
Equal angle projection
Southern hemisphere plot
 
Figure 4.38. Stereogram showing (a) poles to the fault plane of the back 
thrust fault and (b) lineations on the fault plane. 
Steeper south-dipping thrust faults occur parallel to one another at station 15 
(Figure 4.39). 
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r.
a)
b)
n = 90
Equal area projection
Southern hemisphere plot
Contoured poles to planes
Contours drawn at every 10 lines 
(1.11-11.11-22.22-33.33-44.44-
55.56-66.67-77.78% per 1.11% 
area)
n = 60
Equal angle projection
Southern hemisphere plot
 
Figure 4.39. Stereogram showing (a) contoured poles to thrust planes of 
the steep thrust faults and (b) lineations on the fault planes. 
 
Two faults creating a possible pop-up structure (Figure 4.40) at station 15. 
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a)
b)
n = 10
Equal area projection
Southern hemisphere plot
Poles to planes
n = 10
Equal area projection
Southern hemisphere plot
Poles to planes
 
Figure 4.40. Stereogram showing (a) poles to fault plane e1 plane and (b) 
poles to fault plane e2. 
A steep dipping thrust fault that shows normal faulting movement displacing the 
yellow weathering limestone lens occurs at station 15 (Figure 4.41, Figure 4.42). 
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n = 20
Equal area projection
Southern hemisphere plot
Poles to planes
 
Figure 4.41. Stereogram showing poles to the fault planes. 
50 cm
 
Figure 4.42. Yellow weathering limestone layer being displaced by 
approximately 40 cm by a steep south-dipping thrust fault (Figure 4.42) 
plane. 
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Shallow angle south-dipping fault planes occur at station 16 (Figure 4.43). 
a)
b)
n = 10
Equal area projection
Southern hemisphere plot
Poles to planes
n = 10
Equal angle projection
Southern hemisphere plot
 
Figure 4.43. Stereogram showing (a) poles to fault planes of the low angle 
thrust faults and (b) lineations on these fault planes. 
Steep south-dipping thrusts faults occur at station 16 (Figure 4.44). 
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a)
b)
n = 30
Equal area projection
Southern hemisphere plot
Poles to planes
n = 30
Equal angle projection
Southern hemisphere plot
 
Figure 4.44. Stereogram showing (a) poles to fault planes of the steep 
thrust faults and (b) lineations on these fault planes. 
4.3.4.3 STRIKE-SLIP FAULTS 
North to south striking strike-slip faults are present at station 14 and 15 (Figure 
4.45). 
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a)
b)
n = 60
Equal area projection
Southern hemisphere plot
Poles to planes
n = 55
Equal angle projection
Southern hemisphere plot
 
Figure 4.45. Stereogram showing (a) poles to fault planes of the strike-slip 
faults and (b) lineations on these fault planes. 
4.3.5 JOINTS 
A prominent joint direction striking north to south (360º-010º and 180º-190º) in 
the subarea (Figure 4.46). 
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Figure 4.46. Rose diagram showing strike orientation of jointing measured 
in subarea 2. 
 
4.3.6 RELATIONSHIP BETWEEN STRUCTURAL FEATURES 
Figure 4.47 illustrates the relationship and fault cut-off relationship between the 
shallow south-dipping thrust faults, steep south dipping thrust faults and normal 
faults at station 15 (Figure 4.47). 
Numerous shallow south-dipping bedding parallel thrust fault planes and a steeper 
north-dipping backthrust are displaced by steeply south-dipping thrust fault planes 
that cut across bedding planes.  Slickenside movement and fault cut-off 
relationships along the shallow south-dipping fault planes and the steeper south-
dipping fault planes indicate a movement from south to north along the fault 
planes.  Slickenside movement along the north-dipping backthrust was directed 
from the north to the south.  The steeper south-dipping thrust faults postdate the 
shallow south-dipping thrusts. 
 
n = 170 
 
Sectors = 36 
Number of rings = 5 
Scale of ring = 20 
Bi-directional 
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Insert A3 map showing numerous bedding parallel thrust faults bound by normal 
faults to the north and the south. 
Figure 4.47. Sketch made from composite photographs taken at station 15 
showing the relationship between shallow south-dipping thrust faults, steep 
south-dipping thrust faults, a north-dipping backthrust fault and steeply 
dipping normal faults. 
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4.4 JACKALSBOS FAULT ZONE 
4.4.1 INTRODUCTION 
The Jackalsbos Fault zone is found south of subarea2 and north of subarea3, 
forming the boundary between these subareas in the study area. It is a system of 
steeply south dipping thrust faults and a well developed fault breccia is associated 
with this fault zone.  The presence of normal and strike-slip faulting has also been 
noted.  Field stations 17, 18 & 19 are located in the Jackalsbos Fault zone and 
rocks of this fault zone are similar in characteristic to the Perdepoort Member of 
the Witpoort Formation. 
4.4.2 BEDDING 
The fault zone consists mostly of brecciated white quartzite, but in some areas 
overturned bedding planes were visible and dipped gently to the south (Figure 
4.48). 
n = 10
Equal area projection
Southern hemisphere plot
Poles to planes
 
Figure 4.48. Stereogram showing orientation of poles to bedding planes 
(S0) in Jackalsbos fault zone. 
4.4.3 FOLDING 
No folding is present in the fault zone itself, although some of the quartzite layers 
are most probably part of the overturned megafolds of the Perdepoort Member, 
Witpoort Formation encountered at subarea 3. 
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4.4.4 FAULTS 
The fault zone consists of an area of 10-15 metres of brecciated white quartzite 
(Figure 4.49, Figure 4.50) with many closely spaced, steeply south-dipping thrust 
faults.  Evidence of thrust faulting has been recorded at all three field stations 
within the fault zone.  The presence of a north-dipping thrust fault has been 
recorded at station 18 and a normal and a strike slip fault has been recorded at 
station 19. 
 
Figure 4.49. Brecciated white quartzite in the Jackalsbosch Fault zone at 
station 18. 
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Figure 4.50. Photograph of the Jackalsbosch Fault zone (looking east into 
the photograph).  Here the fault appears as an approximately 5 metre thick 
zone of brecciated quartzite. 
4.4.4.1 NORMAL FAULTS 
A normal fault that strikes in a northwest to southeast direction occurs in the 
brecciated quartzite at station 19 (Figure 4.51). 
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Figure 4.51. Stereogram showing (a) poles to the fault plane of the normal 
fault and (b) lineations on the fault plane. 
4.4.4.2 THRUST FAULTS 
Numerous thrust faults are present in the brecciated quartzite (Figure 4.52) and 
are dipping to the south (Figure 4.53).  One thrust fault dipping to the north 
(Figure 4.54) is present at station 18. 
 
   101 
 
Figure 4.52. South-dipping thrust fault planes in brecciated quartzite. 
   102 
a)
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Equal angle projection
Southern hemisphere plot
 
Figure 4.53. Stereogram showing (a) poles to fault planes of the thrust 
faults and (b) lineations on these fault planes. 
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Figure 4.54. Stereogram showing (a) poles to the fault plane of the north 
dipping fault  and (b) lineations on the fault plane. 
4.4.4.3 STRIKE-SLIP FAULTS 
A strike-slip fault with right lateral movement is present in the fault zone area at 
station 19.  The fault plane dips towards the northwest (Figure 4.55a), but 
slickensided grooves and scratches in the rock indicates a near horizontal 
movement (Figure 4.55b). 
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Figure 4.55. Stereogram showing (a) poles to strike-slip fault plane and (b) 
lineations on the fault plane. 
4.4.5 JOINTS 
Two prominent joint directions haven been recorded, the one being almost in a 
east-northeast to west-southwest (60° - 70° to 240° -250°) direction and the other 
in an almost northwest to southeast direction (300° - 310° to 120° - 130°).  See 
Figure 4.56. 
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Figure 4.56. Strike orientation of jointing recorded in the Jackalsbosch fault 
zone at station 19. 
 
n = 10 
 
Sectors = 36 
Number of rings = 4 
Scale of ring = 10 
Bi-directional 
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4.5 SUBAREA 3 
4.5.1 INTRODUCTION 
Subarea 3 is found south of the Jackalsbosch fault zone and north of the Soutkloof 
fault zone.  Deformation events in this subarea include folding and faulting.  
Thirteen field stations (stations 20 to 33) are located in this subarea.  Rocks of this 
subarea are similar in characteristic to the Weltevrede, Witpoort and Kweekvlei 
Formations of the Witteberg Group. 
4.5.2 BEDDING 
Bedding planes are dipping at various angles in either a south to south-southwest 
or a north to north-northwest direction (Figure 4.57).  Dip angles of bedding 
planes are usually rather shallow becomming steeper to even overturned in areas 
where folding and faulting are present. 
n = 395
Equal area projection
Southern hemisphere plot
Contoured poles to planes
Contours drawn at 0.25-0.76-3.80-
7.59-11.39-15.19-18.99-22.03% 
per 0.25% area.
 
Figure 4.57. Stereogram showing contoured poles to bedding planes (S0) 
for subarea 3. 
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4.5.3 FOLDING 
Folding occurs as tight folds of which many have been overturned (Table 4.2). 
Table 4.2. Fold axis, axial planes, interlimb angles and fold types of folding 
recorded in subarea 3. 
Station Fold Axis Axial Plane Interlimb 
Angle 
Fold Type 
Station 24&27 240°/28 175°/50° 20° Tight Fold 
(Overturned) 
Station 29 262°/12° 178°/62° 76° Tight Fold 
Station 30 273°/05° 186°/65° 74° Tight Fold 
Station 30 268/12 182°/68° 24° Tight Fold 
(Overturned) 
Station 30 092°/07° 180°/72° 76° Tight Fold 
(Overturned) 
Station 31 097°/03° 187°/84° 32° Tight Fold 
Station 31 265°/29° 178°/86° 50° Tight Fold 
Station 33 255°/26° 175°/71° 22° Tight Fold 
(Overturned) 
 
An overturned syncline occurs at station 24 & 27 (Figure 4.58). 
n = 60
Equal area projection
Southern hemisphere plot
represents the fold axis
240º/28º
 
Figure 4.58. Stereogram showing poles to bedding planes of megascale 
overturned syncline between stations 24 & 27. 
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An anticline occurs at station 29 (Figure 4.59) 
n = 40
Equal area projection
Southern hemisphere plot
represents the fold axis
262º/12º
 
Figure 4.59. Stereogram of poles to bedding planes of the anticline at 
station 29. 
A syncline appears in shales (almost folded cleavage) at the north of station 30 
(Figure 4.60). 
n = 20
Equal area projection
Southern hemisphere plot
represents the fold axis
273º/05º
 
Figure 4.60. Stereogram showing poles to bedding planes of the syncline 
at the  north of station 30. 
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A syncline and anticline occur together in the south of station 30 (Figure 4.61, 
Figure 4.62). 
n = 20
Equal area projection
Southern hemisphere plot
represents the fold axis
268º/12º
 
Figure 4.61. Stereogram showing poles to bedding planes  of overturned 
syncline at south side of station 30 
n = 60
Equal area projection
Southern hemisphere plot
represents the fold axis
180º/72º
 
Figure 4.62. Stereogram showing poles to bedding planes of overturned 
anticline to the south of station 30. 
An anticline and syncline is present at station 31 (Figure 4.63,Figure 4.64). 
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n = 100
Equal area projection
Southern hemisphere plot
Contoured poles to planes
Contours drawn at every 10 lines 
(1-10-20-30-40% per 1.00% area)
represents the fold axis
097º/03º
 
Figure 4.63. Stereogram showing contoured poles to bedding planes of the  
syncline at station 31. 
n = 100
Equal area projection
Southern hemisphere plot
Contoured poles to planes
Contours drawn at every 10 lines 
(1-10-20% per 1.00% area)
represents the fold axis
265º/29º
 
Figure 4.64. Stereogram showing contoured poles to bedding planes of the  
anticline at station 31. 
An overturned syncline occurs at station 33 (Figure 4.65). 
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n = 20
Equal area projection
Southern hemisphere plot
represents the fold axis
255º/26º
 
Figure 4.65. Stereogram showing poles to bedding planes of the 
overturned megascale syncline at station 33. 
4.5.4 CLEAVAGE 
Axial planar cleavage was measured at different stations, dipping south at various 
angles (Figure 4.66). 
n = 70
Equal area projection
Southern hemisphere plot
Poles to planes
 
Figure 4.66. Cleavage measured at various stations in subarea 3. 
 
 
   112 
4.5.5 FAULTS 
4.5.5.1 THRUST FAULTS 
South-dipping thrust faults cut through bedding at station 20 (Figure 4.67). 
n = 5
Equal area projection
Southern hemisphere plot
Poles to planes
 
Figure 4.67. Stereogram showing poles to planes of the thrust fault plane 
that cuts through bedding at station 20. 
 
A south-dipping thrust fault produces wedges in Perdepoort Member quartzites 
with slickensides at station 24 (Figure 4.68). 
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Figure 4.68. Stereogram showing (a) poles to the fault plane of the thrust 
fault and (b) lineations on the fault plane. 
Fault planes in the form of slickenside quartz veins occur on the limbs of a fold at 
station 29.  The fold has a very steep almost vertical north-dipping limb and a 
moderate to shallow south-dipping limb.  On the north-dipping limb the fault 
planes dip steeply to the north (Figure 4.69), while fault planes on the south 
dipping limb of the fold dip moderately to the south (Figure 4.70). 
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Figure 4.69. Stereogram showing (a) poles to the fault planes of the thrust 
fault and (b) lineations on the fault plane. 
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Figure 4.70. Stereogram showing (a) poles to the thrust planes of the 
thrust fault and (b) lineations on the fault plane. 
 
Folded very thin shale layers at station 30 contain numerous fault planes in the 
form of slickensided quartz veins, dipping either to the north (Figure 4.71) or to 
the south (Figure 4.72).  To the south of the folded (syncline) steep south dipping 
faults are present (Figure 4.73) and they are truncated by north-dipping faults 
(Figure 4.74). 
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Figure 4.71. Stereogram showing a) poles to north-dipping fault plane in 
folded shale layers and b) lineations on these fault planes.. 
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Figure 4.72. Stereogram showing a) poles to fault planes and b) lineations 
on these fault planes. 
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Figure 4.73. a) Stereogram showing (a) poles to fault planes of the steeply 
dipping bedding-parallel fault and (b) the lineations on these fault planes. 
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n = 10
Equal area projection
Southern hemisphere plot
Poles to planes
 
Figure 4.74. Stereogram showing poles to the fault plane of the northeast-
dipping backthrust fault that displaces bedding steep south-dipping bedding 
parallel thrust planes. 
A south-dipping fault plane (Figure 4.75) at station 30 occurs in a very deformed 
terrain of mostly argillaceous layers is displaced by a north-dipping fault structure 
(Figure 4.76). 
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Figure 4.75. Stereogram showing (a) poles to planes of the thrust fault 
plane and (b) lineations on the fault plane. 
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Figure 4.76. Stereogram showing (a) poles to planes of the north-dipping 
thrust fault plane and (b) lineations on the fault plane. 
To the south of station 30 an overturned syncline and anticline occur with many 
associated fault planes.  A north-dipping fault plane is associated with the hinge of 
the anticline (Figure 4.77) and below the hinge a south-dipping fault plane (Figure 
4.78) occurs in the bedding of the anticline. 
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Figure 4.77. Stereogram showing (a) poles to fault plane of the thrust fault  
and (b) lineations on the fault plane. 
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Figure 4.78. Stereogram showing (a) poles to fault plane of the thrust fault 
and (b) lineations on the fault plane. 
A number of near vertical north-dipping fault planes are present in the overturned 
syncline structure (Figure 4.79). 
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Figure 4.79. Stereogram showing (a) poles to fault planes of the thrust 
faults and (b) lineations on these fault plane. 
A south-dipping fault plane (Figure 4.80) cuts through an anticline and syncline at 
station 31.  It has a steepening effect on the north-dipping limb of the anticline. 
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Figure 4.80. Stereogram showing (a) poles to planes of the thrust fault 
plane and (b) lineations on the fault plane. 
A number of south-dipping thrust fault planes occur at station 32 in the shale and 
quartzite layers (Figure 4.81).  A fault plane that cuts through the cleavage layers 
in the more argillaceous has also been observed (Figure 4.82). 
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Figure 4.81. Stereogram showing (a) poles to fault planes of the thrust 
faults at station 32 and (b) lineations on the fault planes. 
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Figure 4.82. Stereogram showing (a) poles to planes of the thrust fault 
plane and (b) lineations on the fault plane. 
 
4.5.5.2 STRIKE-SLIP FAULTS 
A strike-slip fault was recorded at station 32 (Figure 4.83). 
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Figure 4.83. Stereogram showing (a) poles to planes of the strike-slip fault 
plane and (b) lineations on the fault plane. 
4.5.6 JOINTS 
A prominent joint direction striking northwest to southeast (310º-320º and 120º-
130º) and two less almost north to south striking joint patterns occur in this study 
area (Figure 4.84). 
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Figure 4.84. Rose diagram showing strike orientation of jointing recorded 
in subarea 3. 
 
4.5.7 RELATIONSHIP BETWEEN STRUCTURAL FEATURES 
A steep south-dipping fault plane displaces folding at station 31 (Figure 4.85).  
Faulting postdates folding at station 31 and the movement along the fault plane 
was directed from the south to the north.  The orientation of the north-dipping 
northern limb of the anticline has been rotated and the dip of this limb has 
steepened due to the faulting. 
n = 29 
 
Sectors = 36 
Number of rings = 5 
Scale of ring = 20 
Bi-directional 
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Figure 4.85. a) Photograph of Anticline and Syncline at Station 31, being 
disrupted by a fault.  (b)  Reproduction of (a) showing the vicinity of the fault 
plane (fp A) with associated stereonet data: i) stereonet of the anticline, ii) axial 
planar cleavage measured in the hinge of the anticline, iii) S0 readings on 
northern limb of anticline being steepened up by fault movement above the fault 
plane, iv) stereogram showing poles to planes of the fault plane (fp A), v) 
lineations measured on the fault plane and vi) steregram of the contoured poles to 
planes of the syncline 
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4.6 SOUTKLOOF FAULT ZONE 
4.6.1 INTRODUCTION 
The Soutkloof fault zone is found south of subarea 3 and north of subarea 4, 
forming the boundary between these subareas in the study area.  It is an area of 
intense deformation that includes folding, thrust, normal and strike-slip faulting.  
Field stations 34 and 35 are located in the Soutkloof fault zone (Figure 3.1) and 
rocks of this fault zone are similar in characteristics to the Weltevrede Formation 
and the Rooirand Member of the Witpoort Formation. 
4.6.2 BEDDING 
In the northern part of the fault zone (station 34), bedding planes are almost 
vertical and dip to the north (Figure 4.86 & Figure 4.87).  In the southern part of 
the fault zone (station 35) bedding planes of quartzite dip steeply to the south 
(Figure 4.88). 
 
Figure 4.86. Bedding in the Soutkloof fault zone. 
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Figure 4.87. Close up of fig 4.88 showing steeply north and south-dipping 
beds possibly disrupted by inferred fault (Soutkloof fault indicated by white 
dashed line). 
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Figure 4.88. a) Stereogram showing poles to north dipping  bedding planes 
and b) poles to bedding planes of the south-dipping bedding in the Soutkloof 
fault zone. 
4.6.3 FAULTS 
The fault zone is characterised by bedding parallel thrust faults, but normal and 
strike slip faulting is also present. 
4.6.3.1 NORMAL FAULTS 
A north-dipping normal fault is present at station 34 (Figure 4.89) and slickensided 
grooves show that the block to the north (hanging wall) has moved up relative to 
the footwall. 
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Figure 4.89. Stereogram showing (a) poles to planes of the normal fault 
plane and (b) lineations on the fault plane. 
4.6.3.2 THRUST FAULTS 
Bedding parallel thrust faults also occur towards the northern part of the fault 
zone at station 34.  At the extreme north of station 34 these thrust planes dip 
towards the north (Figure 4.90) and show evidence of being overturned.  
Slickenside movement on these planes indicates a movement to the north.  Just a 
few metres to the south at station 34 bedding parallel thrust faults dip steeply to 
the south (Figure 4.91) and slickenside movement on these planes indicate a 
movement from south to north.  Farther south along station 34, the thrust planes 
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still dip to the south in a similar orientation (Figure 4.92), but the steep dip of 
these fault planes decreases. 
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Equal angle projection
Southern hemisphere plot
 
Figure 4.90. Stereogram showing (a) poles to planes of the thrust fault 
planes and (b) lineations on these fault planes. 
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Figure 4.91. Stereogram showing (a) poles to planes of the thrust fault 
plane and (b) lineations on the fault plane. 
   137 
a)
b)
n = 20
Equal area projection
Southern hemisphere plot
Poles to planes
n = 20
Equal angle projection
Southern hemisphere plot
 
Figure 4.92. Stereogram showing (a) poles to planes of the thrust fault 
planes and (b) lineations on these fault planes. 
To the south of the fault zone bedding parallel thrust faults dip steeply to the 
south (Figure 4.93).  These thrust faults are displaced by a near horizontal thrust 
fault that dips slightly to the north (Figure 4.94). 
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Figure 4.93. Stereogram showing (a) poles to planes of the thrust fault 
planes and (b) lineations on these fault planes. 
   139 
n = 20
Equal area projection
Southern hemisphere plot
Poles to planes
 
Figure 4.94. Stereogram showing poles to planes of the north-dipping 
thrust fault plane. 
4.6.3.3 STRIKE-SLIP FAULTS 
A strike-slip fault with right lateral movement occurs at station 34 (Figure 4.95). 
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Figure 4.95. Stereogram showing (a) poles to planes of the strike-slip fault 
plane and (b) lineations on the fault plane. 
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4.7 SUBAREA 4 
4.7.1 INTRODUCTION 
Subarea 4 is found in the southern part of the study area and is bound by the 
Soutkloof Fault zone to the north.  Rocks of this subarea are similar in 
characteristic to the Weltevrede Formation.  Six stations are located in subarea 4. 
4.7.2 BEDDING 
Bedding planes are dipping at various angles in either a northeast or southwest 
direction (Figure 4.93).  Dip angles of bedding planes are usually rather shallow 
getting steeper in areas where folding and faulting are present. 
n = 1208
Equal area projection
Southern hemisphere plot
Contoured poles to planes
Contours drawn at 0.08-1.08-2.07-
2.58-4.97-7.45-9.93-12.42-14.90-
17.38-19.87-22.35-23.10-24.09-
24.59% per 0.08% area.
 
Figure 4.96. Stereogram showing contoured poles to bedding planes in 
subarea 4. 
4.7.3 FOLDING 
Folding in subarea 4 is classified according to interlimb angles as tight or open 
folds (Table 4.3).  Tight folding occur just south of the Soutkloof fault zone at 
station 36 (Figure 4.97, Figure 4.98 & Figure 4.99).  Two tightly folded synclines 
(Figure 4.100) occur on either side of a tightly folded anticline (Figure 4.101). 
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Table 4.3. Fold axis, axial planes, interlimb angles and types of folding recorded 
in subarea 3. 
 
Station Fold Axis Axial Plane Interlimb 
Angle 
Fold Type 
Station 36 094°/24° 183°/86° 82° Tight Fold 
Station 36 088°/31° 006°/75° 46° Tight Fold 
Station 36 116°/30° 198°/74° 48° Tight Fold 
Station 39 102°/07° 192°/86° 146° Open Fold 
Station 39 103°/07° 014°/86° 126° Open Fold 
Station 40 097°/01° 187°/88° 114° Open Fold 
Station 40 275°/00° 185°/89° 118° Open Fold 
Station 40 089°/04° 179°/88° 118° Open Fold 
Station 40 263°/05° 173°/89° 132° Open Fold 
 
 
n = 86
Equal area projection
Southern hemisphere plot
Contoured poles to planes
Contours drawn at 1.16-4.65-9.30-
18.60-27.91-30.23% per 1.16% 
area.
represents the fold axis
094º/24º
 
Figure 4.97. Syncline at station 36. 
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n = 93
Equal area projection
Southern hemisphere plot
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Figure 4.98. Anticline at station 36. 
 
n = 100
Equal area projection
Southern hemisphere plot
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Figure 4.99. Syncline at station 36, south of anticline. 
 
 
 
   144 
 
An open anticline (Figure 4.100) and syncline (Figure 4.101) occurs at station 39. 
n = 100
Equal area projection
Southern hemisphere plot
Contoured poles to planes
Contours drawn at every 9 lines 
(1-9-27-36-45% per 1.00% area)
represents the fold axis
102º/07º
 
Figure 4.100. Open anticline at station 39. 
n = 100
Equal area projection
Southern hemisphere plot
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represents the fold axis
103º/07º
 
Figure 4.101. Open syncline at station 39. 
Two synclines and two anticlines occur at station40 (Figure 4.102 & Figure 4.103) 
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Figure 4.102. Open syncline at the south of station 40. 
n = 80
Equal area projection
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Figure 4.103. Open syncline at the south of station 40. 
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Figure 4.104. Open anticline at the north of station 40. 
n = 40
Equal area projection
Southern hemisphere plot
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Figure 4.105. Open anticline at the north of station 40. 
 
4.7.4 CLEAVAGE 
A north-dipping axial planar cleavage (Figure 4.106) has been measured at station 
37, which is just south of station 36 and bedding parallel axial planar cleavage 
occurs at station 38 (Figure 4.107). 
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Figure 4.106. North-northeast dipping cleavage at station 37. 
n = 15
Equal area projection
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Figure 4.107. Bedding parallel axial planar cleavage at station 38. 
Bedding parallel thrust faults occur at station 36 (Figure 4.108). 
4.7.4.1 THRUST FAULTS 
Steeply dipping thrust faults (Figure 4.108) occur at station 36. 
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Figure 4.108. Stereogram showing (a) poles to planes of the bedding 
parallel thrust fault planes and (b) lineations on the fault planes at station 36. 
 
Thrust faulting also occurs at station 38 (Figure 4.109) and station 39 (Figure 
4.110). 
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Figure 4.109. Stereogram showing (a) poles to planes of the bedding 
parallel thrust fault plane at station 38. 
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Figure 4.110. Stereogram showing (a) poles to planes of the bedding 
parallel thrust fault plane and (b) lineations on the fault plane at station 39. 
 
A bedding parallel thrust fault occurs at station 40 (Figure 4.111). 
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Figure 4.111. Stereogram showing (a) poles to planes of the bedding 
parallel thrust fault plane and (b) lineations on the fault plane at station 40. 
 
4.7.4.2 STRIKE-SLIP FAULTS 
A strike-slip fault is present at station 38 (Figure 4.112). 
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Figure 4.112. Stereogram showing (a) poles to planes of the strike-slip fault 
plane and (b) lineations on the fault plane. 
 
4.7.5 JOINTS 
 
A north-south jointing pattern occurs in subarea 4 (Figure 4.113). 
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Figure 4.113.  Rose diagram showing strike orientation of jointing recorded 
in subarea 4. 
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5. DISCUSSION 
5.1 STRATIGRAPHY 
5.1.1 SEDIMENTARY STRUCTURES 
Although rocks of the study area have undergone a large degree of tectonism and 
low-grade metamorphism, primary structures found on siltstone and sandstone 
beds are often visible.  Sedimentary structures that were identified in the study 
area include horizontal lamination, symmetric and asymmetric ripples, wave ripple 
cross lamination, planar cross bedding and trough cross bedding.  Some of these 
structures were used to determine facing direction with the younging direction 
being upwards in most cases. 
Horizontal lamination occurs in fine- and medium-grained sand and has also been 
found in silt.  It is often recognised by alternating bands of paler and darker layers 
(Collinson & Thompson, 1982) which vary in thickness.  Horizontal laminations to 
near horizontal cross-bedding were often identified in the field and were often 
very prominent in the Rooirand Member of the Witpoort Formation. 
Channel deposits and channel structures are erosional structures that usually 
unconformably overlie the underlying beds and are caused by the erosion of soft 
sediment surfaces by water flow (Reineck & Singh, 1973). 
5.1.2 LITHOLOGIES 
Witteberg Group quartzites have been noted to have the most intensely strained 
quartz grains of all the rocks found in the Cape Supergroup (Hälbich & Swart, 
1983).  Straining is the result of tectonism and has been observed in all the thin 
sections as undulose extinction and as crushed quartz grains with sutured grain 
boundaries.  Crushing of quartz grains is often responsible for the formation of the 
matrix in some samples, particularly the quartzites of the Perdepoort Member of 
the Witpoort Formation. 
Fluid inclusions are often secondary inclusions which are formed when fluid enters 
minerals along cracks and fractures and is trapped as a result of subsequent 
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mineral growth or recrystallization (Vernon, 2004).  Fluid inclusions are present in 
the quartz rich “clean” arenite of the Perdepoort Member of the Witpoort 
Formation. 
Feldspars were recorded in samples of the Kweekvlei Formation.  The presence of 
feldspars may be ascribed to periods of less intense chemical weathering as a 
result of increased relief and/or cooler, drier climatic conditions (Johnson, 1991).  
No feldspars were recorded in samples of the Weltevrede or Witpoort Formations. 
5.1.3 FOSSILS AND TRACE FOSSILS 
Imprints of the plant fossil Lepidodendron were identified at numerous stations 
where rocks of the Weltevrede Formation are present.  Lepidodendron imprints 
were also identified in subarea 2.  All the field stations in subarea 2 are underlain 
by rocks belonging to the Kweekvlei Formation. 
According to MacRae (1999), the upper Witteberg has a sparse fossil content apart 
from a horizon in the Waaipoort Formation which contains fossils of fish and 
vascular plants. 
According to Frey & Seilacher (1980) trace fossils are the result of the everyday 
activities of living organisms including resting, crawling, grazing, feeding and 
dwelling.  Trace fossils in the form of numerous different fossilised vertical and 
horizontal burrows, tubes and traces occur in rocks of the Weltevrede and 
Witpoort Formations.  Zoophycos (Spirophyton) which is the grazing trace of a 
sediment-feeding organism, occurred at numerous stations often occurring 
together with burrows and feeding traces on top of bioturbated sandstone beds. 
Recent paleontological studies in the area of Grahamstown (approximately 250 km 
east of the study site), by Gess & Hiller (1995), indicate a Late Devonian 
(Famennian) age for the boundary between the Weltevrede and the Witpoort 
Formations. 
The presence of fossils and trace fossils in the study area were noted and used to 
tentatively classify rocks into the different formations of the Witteberg Group as 
well as to help determine facing directions in individual rock layers.  However, the 
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presence of fossils and trace fossils cannot be used as the only determining factor 
to classify rocks into the various formations. 
The preceding discussion on sedimentary structures, lithology and fossils and trace 
fossils is by no means complete.  The stratigraphy of the Witteberg Group Rocks 
does not form the core aspect of this study, but it is important to note as much 
information as possible about the stratigraphy of an area when conducting a study 
on the structural geology and vice versa, especially in an area deformed by 
tectonism as one cannot arrive at meaningful conclusions when only looking at 
one aspect of geology. 
5.2 STRUCTURAL GEOLOGY 
5.2.1 BEDDING 
Bedding throughout the study area dips predominantly north-northeast to south-
southwest at shallow to moderate angles.  Steeper-dipping bedding planes and 
overturned bedding planes occur in the study area in places where folding and 
faulting are present. 
5.2.2 FOLDING 
Meso- to micro-scale open to tight folds occur throughout the study area in all 
formations of the Witteberg Group rocks.  Tight folding occurs in close proximity to 
individual faults or fault zones and is often overturned due to faulting.  Axial 
planes of folds dip towards the north and east-northeast as well as to the south 
and south-southwest at moderate to steep angles.  Fold axes trend and plunge to 
the west and the east to east-southeast at moderate to very shallow angles 
(Figure 5.1).  Only one fold axis differs significantly from the rest by trending to 
the southeast, plunging at a shallow angle.  This fold axis belongs to the open 
anticline at station 11 which is located less than 10 metres north of the Groot 
Rivier East Fault zone and the fold has possibly been rotated by the faulting 
associated with the Groot Rivier East Fault. 
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n = 25
Equal angle projection
Southern hemisphere plot
 
Figure 5.1. Stereogram showing trend and plunge of the fold axes for the entire 
study area.  Note how the fold axes trend and plunge at shallow to moderate 
angles to the west and east-east southeast.  Note the one fold axis that 
trends and plunges at a shallow angle to the southeast indicated by an 
arrow. 
Tight folding is often associated with accompanying south to southwest dipping 
thrust fault planes which displace folding.  Thrust faulting has a tightening up 
effect on folding which has lead to some folds being overturned due to faulting. 
Movement along south to southwest dipping thrust planes is directed towards the 
north to northeast and overturned folds often verge in a north to north-eastward 
direction with south dipping axial planes. 
According to Booth (2002), the occurrence of southward verging folds in the 
Witteberg Group rocks is due to the fact that folds formed during backthrusting, or 
sometimes prior to fore- and backthrusting.  Most folds occurring to the north of 
the Groot Rivier East Fault have north dipping axial planes which might be as a 
result of post-folding faulting related to the Groot Rivier East Fault and the 
Jackalsbosch Fault.  In subarea 3 all the folds verge to the north with axial planes 
dipping moderately to steeply to the south.  Folds of subarea 3 are situated 
between the Jackalsbosch Fault and the Soutkloof fault zone and many folds in 
this section have been overturned by post-folding faulting.  In subarea 4 most of 
the folds are north-verging with axial planes dipping to the south.  Two folds in 
  158 
subarea 4 have north-dipping axial planes and both of these folds are closely 
associated with faulting. 
5.2.3 CLEAVAGE 
South dipping cleavage has been recorded in most of the argillaceous layers of the 
study area.  The cleavage is interpreted to be axial planar cleavage that has 
developed during the folding of the Cape Fold Belt.  Subsequent post-fold faulting 
has often led to the re-orientation of axial planar cleavage within actual folds 
which has led to slight differences in the orientation of cleavage planes occurring 
locally in areas of tight folding. 
5.2.4 NORMAL FAULTS 
Normal faults occur throughout the study area, although it was not always 
possible to measure their orientation.  The most important occurrence of normal 
faulting is the Groot Rivier East Fault zone to the north of the study area.  The 
presence of many relatively closely spaced (5-7 metre apart) normal faults was 
recorded at subarea 2 dipping to the north and south.  It is possible that these 
faults are related to the Groot Rivier East Fault zone, creating horst and graben 
structures at station 14 and 15. 
Faccenna, Nalpas, Brun & Davy (1995) state that normal faults often develop 
along pre-existing thrust faults, when an extensional event follows a 
compressional event.  Reactivation of thrust faults has been recorded in the 
Central Apennines in Italy.  Experimental research by Faccenna et al. (1995) has 
shown that the relationship between normal and thrust faults depends on the dip 
of the pre-existing thrust faults.  No interaction occurred when thrust faults had a 
very shallow dip and normal faults developed independently cross-cutting and 
offsetting pre-existing thrust planes.  When thrust fault planes dipped at about 
30º normal faults would branch out from thrust faults at depth on a weak fault 
zone or décollement level.  Thrust faults dipping at angles greater than 32º were 
partially or entirely reactivated (Faccenna et al., 1995). 
In the study area normal faulting postdates thrust faulting and the reactivation of 
steep dipping thrust planes is common, especially in subarea 2.  Cross-cutting and 
  159 
very slight offset of bedding-parallel thrust planes and bedding by normal faulting 
have also been observed in all the subareas. 
5.2.5 THRUST FAULTS 
Numerous thrust faults have been identified throughout the study area, the most 
important occurrence being the Jackalsbosch Fault in the north of the study area 
and the proposed “Soutkloof fault zone” in the south of the study area. 
According to Booth (2002) a general relationship exists between the spacing of 
thrust faults and the rock types, where closely spaced thrusts occur in argillaceous 
units and alternating bands of argillaceous and arenaceous strata, whereas in 
predominantly arenaceous units thrusts tend to be spaced further apart. 
Shallow-dipping bedding-parallel thrusts are common throughout the study area.  
These fault planes dip predominantly to the south and movement along these fault 
planes is generally directed towards the north.  These bedding parallel thrusts are 
often closely spaced (0.5-1 metre apart). 
Steeply dipping forethrusts occur in the study area but are most abundant in 
subareas 2 and 3 and are therefore associated with the Jackalsbosch Fault and the 
Soutkloof Fault zone.  These forethrusts also dip to the south and the movement 
along these fault planes is also directed to the north.  Steeply dipping forethrusts 
often displace shallow-dipping thrusts and therefore postdate the latter. 
North-dipping backthrusts have been identified in the study area where they cut 
through both shallow-dipping and steeper-dipping thrust faults.  At station 14 a 
north-dipping backthrust has been noted where it truncates numerous thrust fault 
planes, and was truncated by a steep dipping thrust plane to the south. 
5.2.6 STRIKE-SLIP FAULTS 
Strike-slip faulting occurs in six areas across the study area.  These faults dip 
steeply to the northeast, southwest, west and northwest.  The presence of a left-
lateral northeast to southwest striking strike-slip fault that dips to the northwest 
was noted in the Jackalsbosch Fault zone, displacing the Jackalsbosch Fault plane 
by approximately 500 metres.  A right-lateral northwest to southeast striking 
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strike-slip fault that dips to the northeast was noted in the Groot Rivier East Fault 
zone displacing the normal fault planes in the Groot Rivier Fault zone by 
approximately 20 metres.  If this strike-slip fault is extrapolated to continue along 
the same strike it also displaces the Jackalsbosch Fault plane by approximately 30 
metres (Figure 5.2). 
Strike-slip faults seldom occur as individual faults.  Southwest dipping strike-slip 
faults that strike northeast to southwest with very little displacement are 
interpreted to be splay faults that might be related to the northeast-southwest or 
northwest-southeast striking strike-slip faults. 
The orientation of strike-slip fault planes is similar to the jointing pattern of the 
particular subareas where they have been recorded and is also consistent with the 
orientation of similar faults in the area west of the study area (Booth, 1996) and in 
the Port Alfred area (Munroe, 1998, Booth et al., 1999).  Strike-slip faulting is 
interpreted to be associated with the development of the Agulhas-Falklands 
Fracture Zone and together with normal faults they represent a manifestation of 
the breakup of Gondwana, during the Mesozoic. 
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Insert A4 ArcView map showing the strike-slip fault pattern 
Figure 5.2. Aerial photgraph showing displacement of the Groot Rivier East and 
Jackalsbosch Faults by en echelon strike-slip faulting.  Note how rivers flow 
sub-parallel to the inferred continuation of strike-slip fault planes (dashed 
lines). 
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5.2.7 JOINTS 
The predominant jointing direction for the study area strikes from north to south 
(350º-10º and 170º-190º).  Two less prominent joint patterns strike northwest to 
southeast (290º-310º and 110º-130º) and northeast to southwest (060º-080º and 
240º-260º).  Throughout the study area the strike orientation of strike-slip fault 
patterns is similar to the strike orientation of the joint planes of the study area 
(Figure 5.3).  Rivers and streams in the area flow sub-parallel to the strike of 
these jointing and strike-slip fault planes. 
 
Figure 5.3. Rose diagram showing strike orientation of jointing recorded in the 
study area. 
5.2.8 PROPOSED SEQUENCE OF FAULTING IN THE STUDY AREA 
The faulting in the study area can be described as a foreland-verging hinterland 
dipping thrust system that has formed during the second first-order episodes of 
compression and extension during the late Paleozoic convergence and the mid to 
late Mesozoic extension (de Wit & Ransome, 1992).  Hälbich et al. (1983) 
described the origin of the Cape Fold Beld as a single phase, multiple event 
orogen during the Permian and Triassic. 
Deformation of Witteberg Group rocks in the study area has certainly undergone 
multiple events of deformation which can be generalised as follows: 
n = 410 
 
Sectors = 36 
Number of rings = 4 
Scale of ring = 10 
Bi-directional 
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1. Shallow-dipping forethrusts developed parallel, or near parallel to bedding. 
2. Steeply dipping forethrusts that transect bedding and folding and earlier 
formed forethrusts. 
3. Foreland (north-eastward) propagating forethrusts that cut into the 
footwall, while north dipping (southward verging) backthrusts truncate 
bedding and other structures to the south. 
4. Normal faults that displace all earlier formed structures. 
5. Strike-slip faults that displace all earlier formed structures (can occur 
contemporaneously with the normal faulting, but also displace normal 
faulting). 
Booth et al. (2004) have proposed a duplex model to interpret the fold/thrust 
pattern with the Jackalsbosch Fault representing the sole thrust and the 
Baviaanskloof Thrust as the roof thrust.  Numerous steeply dipping thrust faults 
between the sole and the roof thrust are interpreted to be imbricate faults in the 
duplex system. 
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5.3 IMPLICATIONS OF STRUCTURAL COMPLEXITIES 
5.3.1 RECLASSIFICATION OF DIFFERENT FORMATIONS 
Faulting and folding have led to the deformation of most of the eastern sector of 
the Cape Fold Belt rocks  A common problem encountered in the field by many is 
the classification of these deformed rocks into the “formations” as specified by the 
South African Committee for Stratigraphy (SACS). 
Determining the boundary between the Bokkeveld Group and overlying Witteberg 
Group in the Steytlerville area is a good example of this problem.  Johnson (1976) 
defined the lower limit of the Witteberg Group as by the Driekuilen Sandstone 
Member, which is a grey feldspathic sandstone at the base of the Weltevrede 
Formation.  Whittingham (1987) argues that the exposures of the Driekuilen 
Sandstone member in this area are less prominent and that the Sandpoort Shale 
Formation, which is classified with the Bokkeveld Group, is lithologically more like 
the Witteberg Group.  Whittingham (1987) further proposed that the boundary 
between the Witteberg and the Bokkeveld Group should be between the 
Adolpspoort Formation and the Sandpoort Shale Formation and thus included the 
Sandpoort Shale Formation with the Witteberg Group. 
Further east in the vicinity of Port Alfred (approximately 300 km east of 
Steytlerville) a similar problem occurs where it is difficult to distinguish between 
the Weltevrede Formation and the Sandpoort Shale Formation (Munroe, 1998; 
Booth, Munroe & Shone, 1999).  Severe deformation due to thrust and normal 
faulting makes it very difficult to classify the rocks and to decipher the 
stratigraphy.  Munroe (1998) and Booth et al. (1999) proposed that rocks 
previously classified as belonging to the Bokkeveld Group should rather be 
classified as Witteberg Group based on lithological considerations such as trace 
fossil content. 
Cock (2003) in a structural study of an area approximately 12 km east of the study 
area of this project proposed that a certain section of rocks, currently classified as 
belonging to the Rooirand Member, should be reclassified as Weltevrede 
Formation. 
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According to Whittingham (1987) the Kweekvlei Shale Formation, which forms the 
lower part of the Lake Mentz Subgroup, appears very similar to the shales and 
sandstones of the older Weltevrede Formation. 
Whittingham (1987) reported the presence of limestone bands in all the 
formations of the Witteberg Group, except the Witpoort Formation.  He makes 
special mention of a characteristic fine-textured, pale grey, yellowish-weathering 
limestone that occur as thin bands in the Bokkeveld Group rocks and the 
Weltevrede Formation of the lower Witteberg Group. 
These fine-textured, pale grey, yellowish-weathering limestone bands were 
observed in the study area at many stations representing rocks from the 
Weltevrede Formation as well as in the study areas of Cock (2003) approximately 
12 km east and Strydom (in prep.) approximately 20 km to the west of the study 
area of this project. A very similar yellowish-weathering limestone band has been 
identified as far east as the Kirkwood Prison Farm (approximately 60 km east of 
the study area) where it is interbedded with shales and siltstones of the 
Weltevrede Formation (Brunsdon, 1999).  In some areas of the study area this 
limestone band could be traced laterally for more than 200 metres along strike, 
but in some areas the presence of folding and faulting may have duplicated the 
same layer, making it difficult to use this band as a marker to attempt thickness 
estimation of the Weltevrede Formation. 
The presence of this characteristic yellowish-weathering limestone band in 
subarea 2 (stations 14-16), where rocks are classified as belonging to the 
Kweekvlei Formation, is the only area where this limestone band occurs outside of 
the Weltevrede Formation.  The rocks of subarea 2 have been deformed by 
shallow-dipping forethrusts, steeper dipping forethrusts, minor backthrusts as well 
as normal and strike-slip faulting.  The limestone band is concordant with bedding, 
but is overlies a shallow-dipping forethrust plane.  A 40-60 cm thick overlying 
quartzite unit has in places completely eliminated the limestone bed as it was 
thrust in a northwards direction along the shallow-dipping forethrust.  A lens of 
the limestone band is present a few metres further to the north, but it is overlain 
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by a shale horizon and not a thick quarzitic unit and thus cannot be correlated with  
the faulted limestone band to the south. 
The “anomalous” presence of the characteristic limestone band in subarea 2 as 
well as the presence of fossilised plant fragments of Lepidodendron as well as the 
fact that rocks of the Kweekvlei Formation are very similar to the rocks of the 
Weltevrede Formation, might be used as initial considerations to reclassify these 
rocks as belonging to the Weltevrede Formation.  An in-depth integrated study of 
the stratigraphic characteristics of these two formations as well as the subsequent 
deformation they underwent during faulting and folding on a macro to micro scale 
will be needed to accept this reclassification. 
The suggested reclassification of Kweekvlei Formation rocks of subarea 2 to 
Weltevrede Formation has several implications: 
• The existing published geological map will need to be updated, 
• The footwall of the Jackalsbosch fault will then consist of Weltevrede 
Formation rocks implying that rocks mostly from the Perdepoort Member 
(Witpoort Formation) are thrust over a footwall of Weltevrede Formation rocks.  
This has serious implications for the amount of displacement that took place. 
• Weltevrede Formation type rocks will be exposed in both the hanging and 
footwall of the Groot Rivier East Fault zone. 
It is outside the scope of this study to decide whether the reclassification of the 
Kweekvlei Formation to Weltevrede Formation is a viable option and therefore the 
possible implications of such a reclassification have merely been listed.  In this 
project and on the final map and cross section the rocks of subarea 2 are still 
regarded as the Kweekvlei Formation, due to lack of concise evidence to support 
such a reclassification. 
5.3.2 MARKER BEDS 
Marker beds are generally lacking in most parts of the eastern sector of the Cape 
Fold Belt (Booth & Shone, 2002; Booth et al., 2004), which makes the 
measurement of displacement along thrust faults a difficult, if not impossible task. 
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The presence of the characteristic fine-textured, pale grey, yellowish-weathering 
limestone occurring as thin bands in the Weltevrede Formation can be used as 
possible marker beds, but due to faulting and folding it is not always possible to 
correlate the limestone layers. 
It has also been documented by Booth & Shone (1999, 2002) that more 
argillaceous layers often get completely eliminated during thrusting while more 
arenaceous layers might get duplicated by thrust stacking, therefore possible 
marker beds can also get eliminated or duplicated by faulting.  The presence of 
the yellowish-weathering limestone band in subarea 2 shows evidence of 
elimination in a series of shallow-dipping low-angle thrust faults. 
Goossens (2003) described a “phycodes-like” layer in the Upper Witteberg Group 
rocks in the Darlington Dam area approximately 55km east of the study area.  In a 
local context this specific layer was identified as a possible marker horizon. 
Although marker beds are generally lacking in the eastern sector of the Cape Fold 
Belt, possible localised marker beds might be present in certain areas available for 
use at that specific locality.  Due to thrusting and folding these “localised” marker 
beds often might be of little use in determining the amount of crustal thickening or 
shortening of individual beds on a larger scale. 
5.3.3 COMPARING RESULTS AND GEOLOGICAL MAPS 
Comparing the current published geological map (1986) (Figure 2.3) to the 
findings of this particular study (Figure 5.4 & Figure 5.5) reveals significant 
differences: 
• The presence of thrust faults and zones of faulting has largely gone unnoticed 
in the past.  Faulting plays an important role in the study area, as indicated by 
the presence of another thrust zone (Soutkloof thrust fault) towards the south 
of the study area, due to the complex faulting and folding that were recorded 
in that area. 
• Strike-slip faulting in this area has not been mapped or previously discussed. 
  168 
• On the published map the Jackalsbosch Fault (overthrust) is displayed as a 
single uninterrupted line striking more or less straight from east to west, 
however upon closer inspection it is clear that the Jackalsbosch Fault planes 
are displaced by left-lateral and inferred right-lateral strike-slip fault 
movement. 
• The Groot Rivier East fault has also been displaced by right-lateral strike-slip 
fault movement. 
• Apart from the Groot Rivier East Fault, no other normal faulting has been 
indicated on the published map. 
The validity and accuracy of the current published Geological map (1986) and the 
lithostratigraphy currently recognised by SACS (1980) for this study area is 
therefore questioned.  Faulting has lead to the duplication of mostly arenaceous 
layers and the elimination of some argillaceous layers in the eastern sector of the 
Cape Fold Belt, therefore accepted thickness values for the different Witteberg 
Group formations cannot be accurate and should be questioned. 
The lack of marker beds and the disruption of “localised marker beds” in the area 
should raise concern, making it almost impossible to calculate displacement along 
faults, especially thrust faults. 
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Insert A3 final map and crossection 
Figure 5.4.  Final Geological Map of the study area compiled by the fieldwork 
conducted in the study area.  For cross section from N to S (as indicated on 
map) see Fig. 5.5 on the next page. 
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Figure 5.5. Cross Section from North to South  (as indicated on the Geological 
Map (Fig 5.4)). 
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6. CONCLUSION 
A structural study of Witteberg Group Rocks approximately 14 km east of 
Steytlerville has revealed that the current geologic map (3324 Port Elizabeth) and 
the local stratigraphy was compiled without recognising major structural features 
such as thrust and strike-slip faulting and its validity is therefore questioned.  
Extensive thrust faulting is evident in the study area and it is suggested that the 
conventional stratigraphic interpretation of the Witteberg Group strata should be 
revised. 
The rocks of the lower to middle Witteberg Group are mostly arenaceous and 
include quartzite, sandstone, siltstone and shale which have been folded, faulted 
and metamorphosed. 
Numerous thrust, normal and strike-slip faults occur in the study area.  Thrust 
faults occur as shallow south-dipping bedding parallel thrusts, steeply south-
dipping forethrusts and subordinate north-dipping backthrusts.  Displacement 
along these thrust faults is predominantly northwards.  East-west striking normal 
faults occur throughout the study area creating minor horst and graben structures 
in parts of the study area where these faults are closely spaced.  Northwest-
southeast striking and northeast to southwest striking strike-slip faults displaying 
right- and left-lateral movement displace older thrust faults and normal fault 
planes. 
Open to tight folding occurs throughout the study area with fold axes plunging at 
shallow to moderately angles towards the east and west.  Most of the folds verge 
northwards, although occasionally some folds verge southwards.  The southward 
vergence of folds is often associated with north dipping backthrust faulting or 
post-fold faulting.  A close association often occurs between the steeply-dipping 
forethrusts and folding.  Folds are often truncated by steeply dipping forethrusts 
and are tightened up by faulting or even overturned and overfolded towards the 
north. 
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Fold axes that plunge east and west as well as north and south dipping thrust fault 
planes indicate a south to north compression direction which conforms with 
accepted models of formation and deformation of the Cape Fold Belt. 
Deformation of Witteberg Group rocks in the study area involves multiple events 
of deformation which can be generalised as follow: 
1. Shallow-dipping forethrusts developed parallel, or near parallel to bedding. 
2. Steeply dipping forethrusts transect bedding and folding and earlier formed 
forethrusts. 
3. Foreland (north-eastward) propagating forethrusts cut into the footwall, 
while north dipping (southward verging) backthrusts truncate bedding and 
other structures to the south. 
4. Normal faults displace all earlier formed structures. 
5. Strike-slip faults displace all earlier formed structures (can occur 
contemporaneously with normal faulting, but also displaces normal 
faulting). 
The study area can be described as a thrust zone containing numerous thrust 
faults and two major zones of thrust faulting, the Jackalsbosch Fault to the north 
and the Soutkloof fault zone to the south of the study area.  These faults are all 
interpreted to be part of a large duplex structure, with the Jackalsbosch Fault 
being the sole thrust which is connected to the roof thrust (Baviaanskloof Thrust) 
by many steeply south dipping imbricate faults. 
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